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ABSTRACT 
i) Background: 
Organophosphates (OP's) first appeared in 1945 as 
a result of evaluation of the chemicil warfare agents 
(Meselsen and Robinson, 1980) found useful for pest control. 
Thus the first appeared OP's were tetraethyl pyrophosphate 
(TEPP) and parathion (Brown, 1978). Now, more than one 
hundred OP compounds are being used as pesticides (Eto, 1974). 
They have several orders of toxicity from insects to mammals 
(Lehman, 1965; O'Brien, 1967; and Pimental, 1971) . 
Pesticides include agrochemicals designed to combat 
the attacks of various pests on agricultural and 
horticultural crops (Cremlyn, 1978). Pesticides have occupied 
rather an unique position among the chemicals that man 
encounters in his daily life. Ideally, their effects should 
be highly selective in affecting the undesirable target 
animals. However, most of the pesticides that have been 
developed have turned out to be toxic for non-target 
animals (Murphy, 1980). 
There are indications that abuse of pesticides 
is more common among agricultural workers and children in 
the rural areas. The poisons detected in over 80% cases 
are from parathion, malathion, diazinon and endrin. 
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ii) Experimental design : 
1. Pure strain male albino rats, Charles Foster were 
procured from Central Animal House, Jawaharlal Nehru Medical 
College, Aligarh Muslim University, Aligarh and maintained 
under standard laboratory conditions for 15 days. 
2. One hundred and fourty-four rats, weighing 200±20g 
were utilized for the estimation of total lipids, phosphol-
ipids, cholesterol, lipid peroxidation, gangliosides, glyco-
gen, nucleic acids (DNA and RNA), protein, and acetylcholin-
esterase (AChE) activity in the discrete areas of brain 
and spinal cord. 
3. Twenty-four rats, weighing 150 ± 20 g were used 
for the determination of glutathione-S-transferase (GST) 
activity in the post-mitochondrial fraction, and monoamine 
2 + 
oxidase (MAO), succinic dehydrogenase (SDH), and Mg -depen-
dent ATPase activities in the rat brain mitochondrial 
fraction (iji^  vitro as well as i£ vivo). 
A. Twenty-four rats, weighing 200 ± 20 g were used 
for the identification and estimation of different phosphol-
ipid fractions viz., phosphatidyl serine, phosphatidyl 
ethanolamine» phosphatidyl inositol, and phosphatidyl choline 
in the brain by two-dimensional thin-layer chromatography 
(TLC). 
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5. Methyl parathion (Technical grade) obtained from 
pesticide shop, Aligarh, was used as a neurotoxic drug 
in the present study. 
6. In vitro study : 
The different concentrations of methyl parathion 
(0.4 Ug, 0.6 \ig, and 0.8 yg/mg protein), was added to the 
incubation mixture containing the mitochondrial fraction 
of the rat brain as the source of the enZyme. The control 
system did not contain the methyl parathion. 
7 . In vivo study : 
Two separate solutions of methyl parathion and diace-
tylmonoxime in three different doses (1 mg, 1.5 mg, and 
2 mg/kg body weight, and 25 mg, 50 mg, and 100 mg/kg body 
weight respectively), were injected intraperitoneally (ip) 
daily during the period of experiment and the analyses 
were made after 7 days. Control rats received an equal 
volume of saline simultaneously. 
8. Rats were decapitated and brain regions were separat-
ed into cerebral hemisphere, cerebellum, brain stem, and 
spinal cord following the method of McEwen and Praff (1970). 
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iii) Findings: 
1. Total lipids. phospholipids, cholesterol, lipid 
peroxidation. gangliosides. glycogen, DNA» RNA, 
protein, and AChE in the various regions of brain 
and spinal cord. 
There are several obvious reasons for the importance 
of brain lipids, both as structural constituents and parti-
cipants in the functional activity of the brain. The brain 
is one of the richest portions of the body in total lipid 
content (SuZuki, 1981). 
It is important that lipid peroxidation is a basic 
deteriorative reaction that is involved in many disease 
processes and chemical toxicities (Tappel and Dillard, 
1981). 
Rats were administered graded doses of methyl parath-
ion (1 mg, 1.5 mg, and 2 rag/kg body wt. , i.p. daily for 
7 days). Levels of total lipids, phospholipids, and choles-
terol showed dose related increment in cerebral hemisphere, 
cerebellum, brain stem, and spinal cord. Lipid peroxidation 
was decreased in cerebellum but incre-ased in other regions 
of CNS. 
The present study also evaluates the neurochemical 
changes in the levels of gangliosides and glycogen of the 
cerebral hemisphere, cerebellum, brain stem, and spinal 
cord following the (ip) injection of the OP pesticide methyl 
parathion Qmg, 1.5 mg, and 2 mg/kg)to each rat of the 
experimental group daily for 7 days. A remarkable dose-
related depletion in the concentration of gangliosides 
was discernible in all the regions of the CMS. Also, the 
contents of glycogen exhibited a decrement in different 
parts of the brain with all the three dose-schedules of 
methyl parathion toxicosis. The results suggest that the 
levels of gangliosides and glycogen are affected dose-depen-
dently in various regions of the rat brain and spinal cord. 
Rats were given methyl parathioti (1 mg, 1.5 mg,and 
2 rag/kg body wt. , i.p. daily for 7 days) to evaluate the 
dose-dependent effects of methyl parathion on the levels 
of DNA and RNA in cerebral hemisphere, cerebellum, brain 
stem, and spinal cord. The DNA content was decreased in 
all the brain regions. The diminution was correspondingly 
more at the dose of 2 mg/kg in all the regions of rat CNS, 
it was found to be maximum in the cerebral hemisphere. 
The decreased level of DNA may be attributed to the fact 
that normal function was restored even after considerable 
damage from exposure of the CNS to methyl parathion toxicity, 
since the function of the damaged cells may be taken over 
by other cells of similar functions as an adaptive mechanism 
(Norton, 1980). The concentration of RNA was increased 
significantly in discrete brain areas. The maximum elevat-
ion was found in cerebellum at the highest dose level (2 
mg/kg body wt. ) The maximum response of cerebellum, which 
controls the body movements and balance, may be the reason 
for the detectable physical signs appeared in the experimen-
VI 
tal rats after methyl parathion treatment daily for 7 days. 
The level of total protein was found to be decreased 
in all the regions of rat CNS following the daily administ-
ration of methyl parathion in three different doses 
(1 mg, 1.5 mg, and 2 mg/kg body wt. , i.p. for 7 days). 
In methyl parathion intoxicated rats the protein content 
exhibited remarkable dose-related decrease in brain stem 
than in the cerebellum. Interestingly, the protein level 
was unaltered at the dose of 1 mg/kg in cerebral hemisphere 
and 1 mg/kg to 1.5 rag/kg in spinal cord. 
AChE activity was significantly inhibited in all 
the discrete areas of rat brain and spinal cord due to 
graded doses of methyl parathion intoxication and found 
to be maximum in cerebral hemisphere. Thereafter all the 
regions showed a dose-related trend of decreasing order: 
cerebral hemisphere> spinal cord> brain stem> cerebellum. 
The effect of diacetylmonoxime on the AChE activity 
in different regions of rat CNS of methyl parathion treated 
rats was studied. The methyl parathion (MP) treated rats 
(1 mg, 1.5 mg, and 2 mg/kg body wt., i.p. daily for 7 days) 
were concurrently administered diacetylmonoxime (DAM)(25 mg, 
50 mg, 100 mg/kg body wt., i.p. daily for 7 days , respect-
ively) . Administration of methyl parathion alone caused 
significant inhibition of AChE activity. When MP was 
injected simultaneously with DAM it prevented 
Vll 
the methyl parathion-induced inhibition of AChE activity. 
The values of AChE in different regions of brain and spinal 
cord of MP + DAM combined treatment of rats were higher 
than the corresponding values in methyl paration alone 
treated rats. 
2. Mitochondrial enzymes; 
Brain mitochondria belong to a group of a target 
organelles having more affinity towards oxygen and react 
differently to osraolar changes both morphologically and 
biologically. Estimation of GST in post-raitochondrial 
fraction, and MAO, SDH, and Mg -dependent ATPase in mitoch-
ondrial fraction, which play an important role in biochemi-
cal alterations of methyl parathion administration, was 
carried out to understan^i^A'^V«©j&|l^^^^WlH of methyl parathion 
neurotoxicity •r 
r 
Ace No. 
Z3 )s 
In vitro additio^v^of methyl -^ )i»irathion (0.4 yg and 
0.6 Ug/mg protein ) caused 'k'^^^mWie in GST activity. Post-
mitochondrial GST activity towards CDNB was significantly 
inhibited at 0.8 yg of methyl parathion. At this higher 
concentration the inhibition was more pronounced. I_n vivo 
administration of methyl parathion caused a significant 
dose-dependent inhibition in the activity of GST towards 
CDNB in the post-mitochondrial fraction of rat brain. 
The decrease in GST activity in brain post-mitochondrial 
fraction may be responsible for neurotoxicity of methyl 
Vlll 
parathion. 
Methyl parathion at lower dose (0.4 yg/mg protein) 
did not lead to any significant alteration in MAO activity 
but at higher doses (0.6 ug and 0.8 ug/mg protein)» caused 
significant reduction of MAO activity (iji vitro) . A remark-
able inhibition of brain mitochondrial MAO activity was 
noticed even at low dose of methyl parathion (1 mg/kg body 
wt., i.p. daily for 7 days). The inhibition was more prono-
unced at higher doses of methyl parathion (1.5 mg and 
2 rag/kg i_n vivo) . 
Methyl parathion elicited a statistically significant 
dose-related inhibition in SDH activity i±r\ vitro) . In 
vivo administration of methyl parathion at the dose level 
of 1 mg/kg did not cause any significant alteration in 
SDH activity. At higher doses (1.5 mg and 2 mg/kg body 
wt., i.p. daily for 7 days) the activity of mitochondrial 
SDH were significantly inhibited. 
A dose-dependent elevation was observed in 
2 + 
Mg -dependent ATPase activity when methyl parathion was 
added in the assay mixture (iji vitro) treatment of methyl 
parathion at low dose (1 mg/kg body wt., i.p. daily for 
7 days) did not cause any significant change in the 
Mg -dependent ATPase activity of rat brain mitochondrial 
fraction, while at higher doses (1.5 mg and 2 mg/kg) caused 
an increase in this enzyme activity (iji vivo) . 
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3. Two-dimensional thin-layer chromatography: 
A system of multiple two-dimensional TLC was develop-
ed that separated rat brain phosphatides into several 
phosphate-positive spots in about 1 hr development time. 
The polar lipid mixture prepared from rat brain was dissolv-
ed in chloroform-methanol (2:1, v/v), and 500 \ig was applied 
to a TLC plate and developed with solvent I in the first 
dimension and solvent II in the second. The solvent III 
and IV improved the separation of different polar lipid 
fractions. Tentative identification of the phosphatides 
was visualized with iodine vapor. Further identification 
was accomplished by comparison with pure reference compounds. 
Four iodine-positive spots were observed between the origin 
and the solvent fronts. Preliminary studies of the recovery 
of phosphorus (P) indicated that essentially all of the 
P that moved in the two-dimensional TLC chromatogram could 
be recovered from the phospholipid spots. In this way, 
the four phosphatides spots were characterized as phosphati-
dyl serine, phosphatidyl ethanolamine, phosphatidyl inositol* 
and phosphatidyl choline. 
Determination of phospholipid fractions by TLC was 
done to find out the effect of methyl parathion on the 
different fractions of the individual phospholipid. Since 
phospholipids constitute one quarter of the dry weight 
of brain, therefore, it would be worthwhile to find out 
the neurobiochemical alteration in the different phospholi-
pid fractions after administration of three different doses 
of the organophosphate pesticide methyl parathion (1 mg, 
1.5 mg,and 2 mg/kg body wt., i.p. daily for 7 days). 
The neurotoxic effects of methyl parathion on indivi-
dual phospholipid fractions in the rat brain were studies. 
Administration of methyl parathion in three graded doses 
showed dose-related degradation in the content of phosphati-
dyl serine, phosphatidyl inositol, and phosphatidyl choline 
was discernible in the rat brain. On the other hand, the 
contents of phosphatidyl ethanolamine exhibited a remarkable 
increment in the brain with all the three dose-schedules 
after methyl parathion toxicosis. 
A. Rat brain dry weight of the total lipids; 
The effects of the pesticide, methyl parathion, 
on dry weight of the total lipids in the rat brain were 
studied. The daily i.p. administration of methyl parathion 
in three different doses (1 mg, 1.5 mg, and 2 mg/kg body 
wt.) for 7 days increased the contents of total lipids 
dry weight in the brain. 
XI 
5. Conclusion 
From these studies, it is concluded that methyl 
parathion causes alterations in the biochemical status 
of the CNS in the rat model. Different parts of the brain 
exhibited differential response towards methyl parathion 
toxicity, thus suggesting a selective vulnerability of 
the nervous tissue. Additionally, methyl parathion produces 
its neurotoxic effects by acting on the mitochondrial 
enzymes. Furthtermore, methyl parathion induces alterations 
in the different phospholipid fractions as determined by 
thin-layer chromatography. 
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ABSTRACT 
i) Background: 
Organophosphates (OP's) first appeared in 1945 as 
a result of evaluation of the chemical warfare agents 
(Meselsen and Robinson, 1980) found useful for pest control. 
Thus the first appeared OP's were tetraethyl pyrophosphate 
(TEPP) and parathion (Brown, 1978). Now, more than one 
hundred OP compounds are being used as pesticides (Eto, 1974). 
They have several orders of toxicity from insects to mammals 
(Lehman, 1965; O'Brien, 1967; and Pimental, 1971). 
Pesticides include agrochemicals designed to combat 
the attacks of various pests on agricultural and 
horticultural crops (Cremlyn, 1978). Pesticides have occupied 
rather an unique position among the chemicals that man 
encounters in his daily life. Ideally, their effects should 
be highly selective in affecting ' the undesirable target 
animals. However, most of the pesticides that have been 
developed have turned out to be toxic for non-target 
animals (Murphy, 1980). 
There are indications that abuse of pesticides 
is more common among agricultural workers and children in 
the rural areas. The poisons detected in over 80% cases 
are from parathion, malathion, diazinon and endrin. 
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ii) Experimental design : 
1. Pure strain male albino rats, Charles Foster were 
procured from Central Animal House, Jawaharlal Nehru Medical 
College, Aligarh Muslim University, Aligarh and maintained 
under standard laboratory conditions for 15 days. 
2. One hundred and fourty-four rats, weighing 200±20g 
were utilized for the estimation of total lipids, phosphol-
ipids, cholesterol, lipid peroxidation, gangliosides, glyco-
gen, nucleic acids (DNA and RNA), protein, and acetylcholin-
esterase (AChE) activity in the discrete areas of brain 
and spinal cord . 
3. Twenty-four rats, weighing 150 ± 20 g were used 
for the determination of glutathione-S-transferase (GST) 
activity in the post-mitochondrial fraction, and monoamine 
2 + 
oxidase (MAO), succinic dehydrogenase (SDH), and Mg -depen-
dent ATPase activities in the rat brain mitochondrial 
fraction (iji vitro as well as i_n vivo) . 
4. Twenty-four rats, weighing 200 ± 20 g were used 
for the identification and estimation of different phosphol-
ipid fractions viz., phosphatidyl serine, phosphatidyl 
ethanolamine^ phosphatidyl inositol, and phosphatidyl choline 
in the brain by two-dimensional thin-layer chromatography 
(TLC). 
Ill 
5. Methyl parathion (Technical grade) obtained from 
pesticide shop, Aligarh , was used as a neurotoxic drug 
in the present study. 
6. In vitro study : 
The different concentrations of methyl parathlon 
(O.A Ug, 0.6 \ig, and 0.8 yg/mg protein), was added to the 
incubation mixture containing the mitochondrial fraction 
of the rat brain as the source of the enZyme. The control 
system did not contain the methyl parathion. 
7. In vivo study : 
Two separate solutions of methyl parathion and diace-
tylmonoxime in three different doses (1 mg, 1.5 mg, and 
2 mg/kg body weight, and 25 mg, 50 mg, and 100 mg/kg body 
weight respectively), were injected intraperitoneally (ip) 
daily during the period of experiment and the analyses 
were made after 7 days. Control rats received an equal 
volume of saline simultaneously. 
8. Rats were decapitated and brain regions were separat-
ed into cerebral hemisphere, cerebellum, brain stem, and 
spinal cord following the method of McEwen and Praff (1970). 
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iii) Findings: 
1 • Total lipids. phospholipids. cholesterol. lipid 
peroxidation. aangliosides. elvcoRen. DNA» RNA. 
protein, and AChE in the various regions of brain 
and spinal cord• 
There are several obvious reasons for the importance 
of brain lipids, both as structural constituents and parti-
cipants in the functional activity of the brain. The brain 
is one of the richest portions of the body in total lipid 
content (SuZuki, 1981). 
It is important that lipid peroxidation is a basic 
deteriorative reaction that is involved in many disease 
processes and chemical toxicities (Tappel and Dillard, 
1981). 
Rats were administered graded doses of methyl parath-
ion (1 mg, 1.5 mg, and 2 mg/kg body wt. , i.p. daily for 
7 days). Levels of total lipids, phospholipids, and choles-
terol showed dose related increment in cerebral hemisphere, 
cerebellum, brain stem, and spinal cord. Lipid peroxidation 
was decreased in cerebellum but incre-ased in other regions 
of CNS. 
The present study also evaluates the neurochemical 
changes in the levels of gangliosides and glycogen of the 
cerebral hemisphere, cerebellum, brain stem, and spinal 
cord following the (ip) injection of the OP pesticide methyl 
parathion Qmg, 1.5 mg, and 2 mg/kg) to each rat of the 
experimental group daily for 7 days. A remarkable dose-
related depletion in the concentration of gangliosides 
was discernible in all the regions of the CNS. Also, the 
contents of glycogen exhibited a decrement in different 
parts of the brain with all the three dose-schedules of 
methyl parathion toxicosis. The results suggest that the 
levels of gangliosides and glycogen are affected dose-depen-
dently in various regions of the rat brain and spinal cord. 
Rats were given methyl parathioti (1 mg, 1.5 mg,and 
2 mg/kg body wt. , i.p. daily for 7 days) to evaluate the 
dose-dependent effects of methyl parathion on the levels 
of DNA and RNA in cerebral hemisphere, cerebellum, brain 
stem, and spinal cord. The DNA content was decreased in 
all the brain regions. The diminution was correspondingly 
more at the dose of 2 mg/kg in all the regions of rat CNS, 
it was found to be maximum in the cerebral hemisphere. 
The decreased level of DNA may be attributed to the fact 
that normal function was restored even after considerable 
damage from exposure of the CNS to methyl parathion toxicity, 
since the function of the damaged cells may be taken over 
by other cells of similar functions as an adaptive mechanism 
(Norton, 1980). The concentration of RNA was increased 
significantly in discrete brain areas. The maximum elevat-
ion was found in cerebellum at the highest dose level (2 
mg/kg body wt. ) The maximum response of cerebellum, which 
controls the body movements and balance, may be the reason 
for the detectable physical signs appeared in the experimen-
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tal rats after methyl parathion treatment daily for 7 days. 
The level of total protein was found to be decreased 
in all the regions of rat CNS following the daily administ-
ration of methyl parathion in three different doses 
(1 mg, 1.5 mg, and 2 mg/kg body wt., i.p. for 7 days). 
In methyl parathion intoxicated rats the protein content 
exhibited remarkable dose-related decrease in brain stem 
than in the cerebellum. Interestingly, the protein level 
was unaltered at the dose of 1 mg/kg in cerebral hemisphere 
and 1 mg/kg to 1.5 mg/kg in spinal cord. 
AChE activity was significantly inhibited in all 
the discrete areas of rat brain and spinal cord due to 
graded doses of methyl parathion intoxication and found 
to be maximum in cerebral hemisphere. Thereafter all the 
regions showed a dose-related trend of decreasing order: 
cerebral hemisphere> spinal cord> brain stem> cerebellum. 
The effect of diacetyImonoxime on the AChE activity 
in different regions of rat CNS of methyl parathion treated 
rats was studied. The methyl parathion (MP) treated rats 
(1 mg, 1.5 mg, and 2 mg/kg body wt., i.p. daily for 7 days) 
were concurrently administered diacetylmonoxime (DAM)(25 mg, 
50 mg, 100 mg/kg body wt., i.p. daily for 7 days , respect-
ively) . Administration of methyl parathion alone caused 
significant inhibition of AChE activity. When MP was 
injected simultaneously with DAM it prevented 
Vll 
the methyl parathion-induced inhibition of AChE activity. 
The values of AChE in different regions of brain and spinal 
cord of MP + DAM combined treatment of rats were higher 
than the corresponding values in methyl paration alone 
treated rats. 
2. Mitochondrial enzymes; 
Brain mitochondria belong to a group of a target 
organelles having more affinity towards oxygen and react 
differently to osmolar changes both morphologically and 
biologically. Estimation of GST in post-mitochondrial 
fraction, and MAO, SDH, and Mg -dependent ATPase in mitoch-
ondrial fraction, which play an important role in biochemi-
cal alterations of methyl parathion administration, was 
carried out to understand the mechanism of methyl parathion 
neurotoxicity. 
In vitro addition of methyl parathion (0.4 yg and 
0.6 Ug/mg protein) caused no change in GST activity. Post-
mitochondrial GST activity towards CDNB was significantly 
inhibited at 0.8 yg of methyl parathion. At this higher 
concentration the inhibition was more pronounced. Iji vivo 
administration of methyl parathion caused a significant 
dose-dependent inhibition in the activity of GST towards 
CDNB in the post-mitochondrial fraction of rat brain. 
The decrease in GST activity in brain post-mitochondrial 
fraction may be responsible for neurotoxicity of methyl 
Vlll 
parathion. 
Methyl parathion at lower dose (0.4 yg/mg protein) 
did not lead to any significant alteration in MAO activity 
but at higher doses (0.6 yg and 0.8 yg/mg protein)» caused 
significant reduction of MAO activity (iji vitro) . A remark-
able inhibition of brain mitochondrial MAO activity was 
noticed even at low dose of methyl parathion (1 mg/kg body 
wt., i.p. daily for 7 days). The inhibition was more prono-
unced at higher doses of methyl parathion (1.5 mg and 
2 mg/kg ±n_ vivo) . 
Methyl parathion elicited a- statistically significant 
dose-related inhibition in SDH activity (dji vitro) . In 
vivo administration of methyl parathion at the dose level 
of 1 mg/kg did not cause any significant alteration in 
SDH activity. At higher doses (1.5 mg and 2 mg/kg body 
wt., i.p. daily for 7 days) the activity of mitochondrial 
SDH were significantly inhibited. 
A dose-dependent elevation was observed in 
2 + 
Mg -dependent ATPase activity when methyl parathion was 
added in the assay mixture (iji vitro) treatment of methyl 
parathion at low dose (1 mg/kg body wt. , i.p. daily for 
7 days) did not cause any significant change in the 
2 + Mg -dependent ATPase activity of rat brain mitochondrial 
fraction, while at higher doses (1.5 mg and 2 mg/kg) caused 
an increase in this enzyme activity (iji vivo) . 
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3. Two-dimensional thin-layer chromatography; 
A system of multiple two-dimensional TLC was develop-
ed that separated rat brain phosphatides into several 
phosphate-positive spots in about 1 hr development time. 
The polar lipid mixture prepared from rat brain was dissolv-
ed in chloroform-methanol (2:1, v/v), and 500 ug was applied 
to a TLC plate and developed with solvent I in the first 
dimension and solvent II in the second. The solvent III 
and IV improved the separation of different polar lipid 
fractions. Tentative identification of the phosphatides 
was visualized with iodine vapor. Further identification 
was accomplished by comparison with pure reference compounds. 
Four iodine-positive spots were observed between the origin 
and the solvent fronts. Preliminary studies of the recovery 
of phosphorus (P) indicated that essentially all of the 
P that moved in the two-dimensional TLC chromatogram could 
be recovered from the phospholipid spots. In this way, 
the four phosphatides spots were characterized as phosphati-
dyl serine, phosphatidyl ethanolamine, phosphatidyl inositol* 
and phosphatidyl choline. 
Determination of phospholipid fractions by TLC was 
done to find out the effect of methyl parathion on the 
different fractions of the individual phospholipid. Since 
phospholipids constitute one quarter of the dry weight 
of brain, therefore, it would be worthwhile to find out 
the neurobiochemical alteration in the different phospholi-
pid fractions after administration of three different doses 
of the organophosphate pesticide methyl parathion (1 mg, 
1.5 mg, and 2 mg/kg body wt., i.p. daily for 7 days). 
The neurotoxic effects of methyl parathion on indivi-
dual phospholipid fractions in the rat brain were studies. 
Administration of methyl parathion in three graded doses 
showed dose-related degradation in the content of phosphati-
dyl serine, phosphatidyl inositol, and phosphatidyl choline 
was discernible in the rat brain. On the other hand, the 
contents of phosphatidyl ethanolamine exhibited a remarkable 
increment in the brain with all the three dose-schedules 
after methyl parathion toxicosis. 
4. Rat brain dry weight of the total lipids; 
The effects of the pesticide, methyl parathion, 
on dry weight of the total lipids in the rat brain were 
studied. The daily i.p. administration of methyl parathion 
in three different doses (1 mg, 1.5 mg, and 2 mg/kg body 
wt.) for 7 days increased the contents of total lipids 
dry weight in the brain. 
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5. Conclusion 
From these studies, it is concluded that methyl 
parathion causes alterations in the biochemical status 
of the CNS in the rat model. Different parts of the brain 
exhibited differential response towards methyl parathion 
toxicity, thus suggesting a selective vulnerability of 
the nervous tissue. Additionally, methyl parathion produces 
its neurotoxic effects by acting on the mitochondrial 
enzymes. Furthbrmore, methyl parathion induces alterations 
in the different phospholipid fractions as determined by 
thin-layer chromatography. 
REVIEW 
OF 
LITERATURE 
1-1.0 Introduction : 
Pesticides are introduced into the ecosystem through 
farm application. This takes place through spraying from 
land-based sprayers or from aerial spraying. In any case, 
the size of the dust particles or the water droplets allows 
the material to fall to earth, covering the growing area 
intended for insect or weed control- Pesticides are used 
all over the world. An active part of current research 
is to determine the transport source for various pesticides. 
The use of pesticides, food preservatives, effluents from 
the industries, changing food habits and socio-economic 
pressures have resulted in exposure to adulterated food 
and water and contaminated air consequently the human and 
animal health has deteriorated. Increased incidences of 
cancer, heart disease and psychological disorders can 
in a major way be attributed to a polluted environment. 
The widespread use of organophosphate (OP) compounds 
for the control of crop, livestock and public health pests 
in several countries have led to serious limitations, of 
which toxicity to non-target organism is one major limita-
tion. OP pesticides are extensively used in agriculture 
and public health programmes in the developing countries. 
Chronic exposure, poor working conditions and unawareness 
of the potential hazards result in an occupational situation 
peculiar to the developing countries. There are only a 
few reports of the health effects of chronic occupational 
exposure to OP pesticide in the developing countries, choli-
nesterase (ChE) inhibition is used as indirect method to 
monitor OP exposure, but in the tropical countries there 
is little information about the effects of continuous occu-
pational exposure on ChE levels and on certain enzymes 
related to central nervous system (CNS) functions which 
may also be affected by chronic exposure to OP's*Pesticides 
have often come under severe criticism because of their 
toxic effects to biological systems other than 
their primary targets. The exposure of the population to 
small amounts of these pesticides as residues in the envi-
ronment has been shown to exert deleterious effects on 
the biological system (Davignon et al., 1965). All the 
three groups of insecticides, i.e., organochlorine, organo-
phosphate and carbamates (Table 1) have been known to inter-
fere with the basic molecular events in the nervous system. 
The complexity of the interaction of the nervous system 
with other organ systems suggest that nervous system func-
tion should be among the first and most thoroughly assessed 
in the case of exposure to pesticides. The importance of 
neurobehavioural •toxicity in risk assessment is because 
of the fact that behaviour is the functional indicator 
of the net sensory, motor and integrative processes occurr-
Table 1. CI assi-f ication o-f Pesticides 
I 
N 
S 
E 
C 
T 
I 
C 
I 
0 
E 
S 
ORGANO-CHLORINE 
ORGANO-PHOSPHORUS 
CARBAMATE 
BOTANICAL 
BHC, DDT, Aldrin, Hepatochlor, 
Chlordane, Endosul-fan, Toxaphene 
Malathion, Parathion, Fenitrothion, 
Phosphamidon, DDVP, Phenthoate, 
Diaz inon 
Carbaryl 
Pyrethrins, Nicotine 
p 
E 
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T 
I 
C 
I 
D 
E 
S 
WEEDICIDES 
RODENTICIDES 
FUNGICIDES 
FUMIGANTS 
ACARICIDES 
NEMATOCIDES 
MOLLUSCICIDE! 
2,4-D,2,4,5-T,Paraquat , Dalapon , 
Nitro-f en , 
Ammonium Sulphate 
Zinc Phosphate, War-farin 
Copper Sulphate, Copper 
Oxychloride, Sulphur dust, 
Sulphur Wettable, Dico-fol , 
Ethion 
Aluminium Phosphide 
Metham-sodium, Fensulfothion 
Metaldehyde 
ing in the central and peripheral nervous system (PNS) 
(Mello, 1975). Psychiatric disorders in human beings as 
a result of OP insecticide exposure have also been reported 
(Gershon and Shaw, 1961 and Biskind and Mobbs, 1972). 
In India, the statistics for 1969 indicate that 50 to 8 0% 
of the poisons detected in medico-legal cases belong to 
organophosphorus group of pesticides (Bami, 1971). It is 
well known that the organophosphorus compounds inhibit 
ChE activity in the CNS and other parts of the body 
(Holmstedt, 1959). Some 0? produce delayed neurotoxic 
effects, ataxia, weakness of limbs, muscle twitching, and 
rigidity in man (Bidstrip et al., 1953), rat (Majno and 
Karnovsky, 1961),and other animals (Aldridge et al., 1969). 
These effects have been attributed to changes in peripheral 
nerves, degeneration or demyelination (Cavanagh, 1954). 
Ahmad and Glees (1971) reported the occurrence of a large 
number of laminated cytoplasmic inclusion bodies in the 
spinal cord neurons of hen intoxicated with tri-ortho-cresyl 
phosphate (TOCP). 
The indiscriminate use of various types of organo-
phosphorus compounds in the modern world has led to much 
greater emphasis on the possibility of serious environmental 
contamination (Cremlyn, 1978), which is a fast developing 
menace for the survival of mankind. Sachitanand (1983) 
is of the view that organophosphorus pesticides threaten 
the welfare of the poor in the Third World Countries because 
of their illiteracy and free availability of more pesticides, 
lack of adequate protection, improper storage, excessive 
and wasteful use leading to environmental pollution. These 
compounds are preferred among other pesticides due to their 
rapid biodegradability , as they get hydrolysed in the body 
and hence less cumulative effects of OP compounds are noti-
ced (Moriarty, 1975). Use of OP' s has increased the yield 
of agricultural products. They have also proved helpful 
in controlling vectors of certain deadly diseases such 
as malaria, filaria, leishmaniasis etc. (Casida and Baron, 
1976). OP compounds have also been used in the chemical 
warfare. During the World War II, a group of most toxic 
OP compounds known as "nerve gases" was successfully used. 
The neurotoxicity of OP compounds are known to cause discer-
nible toxic effects in man, rats and other animals which 
have been the subject of numerous studies (Kessler and 
Mracek, 1973; Kar and Matin, 1971; and Bruce et al . , 1955). 
In the past decade, many in-depth studies have been carried 
out at the Interdisciplinary Brain Research Centre to eluci-
date the mechanism of neurotoxicity of OP pesticides (Hasan 
et al., 1979 (a,b ); Hasan et al., 1980; Tayyaba and 
Hasan, 1980; Ali et al., 1980; Tayyaba et al., 1981; Islam 
et al., 1983; Tayyaba and Hasan, 1985; Hasan and Khan, 1985; 
Vadhva and Hasan, 1986; Khan et al., 1987; Naqvi et al., 
1988; Khan and Hasan, 1988; Hasan et al., 1988; and Hasan 
et al., 1989). 
1.2.0 Cellular bioloRyti 
Modern research in cellular biology has given insight 
into diverse structural organization of membranes in various 
cell types ranging from a simple unicellular amoeba to 
I 
a complex gamut of mammalian or even human tissues. Now 
we can visualize a living cell, whether of host or of para-
site, as one encompassed by a plasma membrane with distinct 
organization of intracellular membranes into mitochondria, 
endoplasmic reticulum, lysosoraes and Golgi complex embedded 
in a matrix. Advances in enzymology, metabolism and chemis-
try of biomolecules have started to give us a dynamic 
picture of molecular interplay in metabolic processes 
of living cell. Physiological activity of a living cell 
largely depends upon organization of cell membrane, intra-
cellular membranes and membranous organelles. 
Since a cell depends upon and communicates with 
its external environment, its surface membrane must allow 
the passage of certain molecules while preventing the 
passage of others. Thus cell membranes are sites of a large 
variety of cellular processes ranging from permeability, 
transport and excitability to intracellular interaction, 
morphological differentiation and fusion. Studies on the 
alterations in structure and function of biological membrane 
in response to toxicants and their binding characteristics 
with membrane constituents may yield insight into the mole-
cular mechanism of membrane toxicity. Recently, Khan and 
Hasan (1986); Khan et al. (1987); Hasan and Khan, (1988); 
and Hasan et al. (1989) have reported i^ vitro and i_n vivo 
effects of methyl parathion on membrane-bound mitochondrial 
enzymes. 
1.3.0 BioloRJcal membranes: 
The most convincing evidence for the structure of 
cell membrane, particularly about its lipid bilayer nature 
was obtained from electron microscopy (Robertson, 1964), 
The organisation of the unit membrane into the bilayer 
arrangement of lipids was further substantiated by X-ray 
data (Worthington, 1969). 
The present concept of the structure of cell membrane 
was put forward by Singer and Nicolson (1972) who expressed 
it in terms of a fluid mosaic model. According to this 
model the membrane is composed of a bilayer of lipids and 
some protein molecules which are either in the outer, or 
inner half of the membrane matrix or span the entire thick-
ness of the membrane' 
1.4.0 Hazardspf pesticides : 
The hazards of pesticides depend upon 
(a) The chemical characteristics, physical nature 
and pharmacological activity of the compound. 
(b) The place and manner of use. 
(c) The health status and genetic pre-deposition 
of the individuals. 
1.5.0 Preventive measures : 
Protective garments, rubber gloves, face mask and 
gum boots should be worn during handling and application 
of pesticides. 
^•^•° Neurotoxicity of organophosphorus compounds : 
Neurotoxicity is one of the frontier areas of basic 
research in the world. Scientists from diverse disciplines 
throughout the globe are engaged in work to unravel the 
mysteries of the neural tissue and the interplay of brain, 
body and mind for a coordinated action. The neurological 
examination analyses the function of nervous system compo-
nents, and allows the clinician to deduce the areas of CNS 
or PNS disease. Diseases of brain related to the toxicity 
of OP'S have increased rapidly in the recent past in the 
world. Systemic organophosphorus compounds produce progre-
ssive increase in acetylcholine (ACh) content and decrease 
in the ChE activity of rat brain with 3-100 mg/kg dose by 
i . p . route. 
The neurotoxicological action of the very earliest 
compounds such as parathion and diazinon have set a standard 
which, even 20-30 years after their discovery, is difficult 
to surpass. Toxicologically this class of compounds has 
the advantage, due to their ester nature, of being metaboli-
zed in the living organism to inorganic phosphates. 
The esterase that is phosphorylated by neurotoxic 
organic phosphorus compounds has been called "neurotoxic 
esterase" (NTE) (Johnson, 1969). Some compounds are direct 
inhibitors of NTE, other are indirect inhibitors, requiring 
metabolic change in order to become active. For example, 
activation of neurotoxic phosphonothionates to the OP's 
is required before they are active inhibitors of NTE (John-
son, 1975). 
1.7.0 Delayed neurotoxicity : 
Most of the organophosphorus compounds that produce 
neurotoxicity of any sort produce either the delayed irrever-
sible or the immediate reversible form leading to a great 
spectrum of effects and in spite of some progress, there 
is still much mystery about why some compounds of phosphorus 
are neurotoxic and other are not (Table 2). 
1.8.0 Methyl parathion : 
Methyl parathion is a non-systemic contact and stomach 
insecticide and acaricide with some fumigant action (Schrader 
1948 and Schrader, 1951); highly toxic by ingestion, inhala-
tion or skin absorption (Singh et alvl974; Sax 1975; and 
Bai and Reddy , 1977). It is generally recommended at 15-
25 g active ingredient/lOOL and is not phytotoxic. 
1.8.1 Identifiers and properties : 
Structural Formula : (1) 
Molecular Formula : CQH.QNOCPS 
Identity : Phosphorothionic acid 0 , 0-dimethyl-0-(4-nitrophe-
nyl) ester 
At elevated temperatures rearrangement of methyl 
parathion to the thiol ester (II) can be Effected (McPherson 
and Johnson, 1956). 
In practice, however, isomerization is best carried 
out with a base such as sodium hydroxide, so that a salt 
of the ambident anion (III) is obtained, which can be alkyla-
ted on the sulfur with dimethyl sulfate (Schrader, 1963). 
The thionoesters can be oxidized to the corresponding 
P = 0 compounds using oxidizing agents such as chlorine, 
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Table 2 : Structure and neurotoxic action according to 
Aldridge and Barnis {I967). 
Neurotoxic Non-neurotoxic 
CI I 
ClClljClljO^ ^ 0 
ClClljClljO^ ^ 0 - ^ V N O J 
ClCHjCHjO OCIUCCl, 
i-CjH7-NH 0 
i-CjIlT-Nll'' ""F 
l-CjH,©^ 0 
^ P ^ 
CjHjO^ " ^ 0 - / > - N 0 , 
CH,0^ 0 
ClIjO'' OCII=CCI, 
(CH,),N^ 0 
(CHj),N F 
l-C,ll,oJ? |?^OCjH,l 
P - O - P 
1-Cjll ,0^ ^OCjIljl 
11 
CHoOy /.S 
CH30 0 r\ NO-
( I ) 
CH,0 0 
CHoO 0 _ ^ ^ ^ NO. 
( I I ) 
12 
0 
CH,0 
(I) 
CH-,0 
CHoS. 
0 // % 
NaOH 
I -CH3OH 
O^ v © / /S 
// \ 
DMS 
0 
NO. 
Na* 
NO. 
CH3O 0 /n^ NO2 
(III) 
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bromine or nitric acid. This step increases the serum choli-
_2 
nesterase inhibiting activity from l^-^^ = 10 mol/liter 
to the methyl paraoxon value of I^ r, = 10" mol/liter 
(Augustinsson and Johnsson, 1957). 
1.8.2 Synonyms and trade names : 
Alenthion 
Aramul 
AzofOS 
Azophos 
Bay 11405 
Bay-E-601 
Bayer-E-601 
Bayer-45515 
Bayer-45545 
Bladan M 
Dalf 
0,0-Dimethyl-O-p-nitrofenylester kyseliny thiofos (Czech) 
0 , 0 - D i m e t h y l - 0 - ( 4 - n i t r o f e n y l ) - m o n o t h i o f o s f a a t (Du tch) 
Dimethyl p-nitropheny1 monothiophosphate 
0 , 0 - D i m e t h y l - 0 - ( 4 - n i t r o p h e n y l ) - m o n o t h i o p h o s p h a t (German) 
0,0-Dimethyl-0-(p-nitrophenyl) phosphorothioate 
0,0-Dimethyl-0-(4-nitrophenyl) phosphorothioate 
0,0-Dimethyl-0-(p-nitrophenyl) thionophosphate 
0 , 0 - D i m e t h y l - 0 - ( p - n i t r o p h e n y l ) - t h i o n o p h o s p h a t (German) 
Dimethyl-p-nitrophenyl thiophosphate 
14 
Dimethyl-p-nitrophenyl-thiophosphate 
0,0-Dimethyl-O-p-nitrophenyl thiophosphate 
Dimethyl parathion 
Dypar 
E 601 
E 605 
ENT 17,292 
Folidol-80 
Folidol-M 
Fosferno M-50 
Gearphos 
8056 HC 
M-Parathion 
Mepaton 
Meptox 
Metacid 50 
Metacide 
Metacide 50 
MetafOS 
Metaphor 
Metaphos (used in USSR) 
Methyl-E-605 
Methyl Niran 
Methyl parathion (used in USA) 
Methyl parathion, Liquid (Deptt. of Transportation) 
Metylo partion (Polish) 
Methylthiophos 
15 
Metron 
Nilelar 
p-Nitropheny1 dimethyl thionophosphate 
Nitrox-80 
Parton-M 
Parathion methyl (approved by BSI,ISI, and ISO) 
Parathion-Metile (Italian) 
Paratox 
Partron M 
Penncap-M 
Phenol, p-nitro-0-ester with 0,0-dimethyl phosphorothioate 
Tekwaisa B 
Thiophenit 
Thiophosphate De 0,0-dimethyle et de-O-(A-nitrophenyle) (French) 
Thypar M 
Toll 
UltrofOS 
Vofatox 
Wofatox 
Wofotox 
1.8.3 Molecular weight : 263.21 
1.8.4 Solubility : 
Slightly soluble in water; miscible in all preportions 
with mineral acid, ethanol, methanol ester or ketone. 
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1.8.5 Physical characteristics : 
White solid or powder; commercial product is a xylene 
solution; has pungent odour. The technical material is 
light to brown liquid crystallising at 29°C 
Melting point : 35-36°C 
Boiling point : Not determined as it disintegrated 
high temperature. 
Flamma.bility : Explodes when heated 
Specific gravity : 1.358 (20°C) 
Stability : Gradually decomposes in acidic solution, 
readily decomposes in dilute alkali* 
Volatility : 1.40 mg/m"^  at 20°C (pure) 
Vapour pressure : 0.97x10 mm Hg at 20° C. 
Compatibility : Incompatible with alkaline materials 
such as lime sulphur and Bordeaux. 
Formulations : Dusts, dispersible powder; solution 
emulsifiable concentrates. 
1.8.6 Production : 
Production (Technical grade) Imports 
1978 1979 1977-78 1978-79 
1,945 t 2,420 t 36 t 50 t 
Use : Control of agricultural pests;' restricted. 
en 
o 
c 
(U 
u 
<u 
0) 
Oi 
Oi 
in 
o 
T 3 t H 
i H 
t H - H 
CO ^ 
x: 
4-1 e^ 
0) O 
J i n 
/•^ 
o 
i n 
Q 
J 
1+-I 
o 
OJ 
4-1 
3 
o 
K 
c 
o 
• H 
4-1 
(0 
) - l 
4J 
CO 
• H 
c 
• H 
E 
-n 
<a 
tn 
cu 
• H 
u 
c/i 
/^^ 
cc 
VO 
o 
1—1 
v - / 
• i H 
CO 
U 
0) 
c 
• H 
i H 
<U 
CO 
CO 
O 
O 
T 3 
• H 
U 
• H 
4.) 
to 
0) 
c 
CO 
u 
•H 
OJ 
• E vO 
< 
I M 
o 
c 
o 
• H 
4-) 
CO 
• H 
u 
o 
CO 
CO 
< 
r—1 
•« 
• 
u 
c 
M 
•• 
CO 
I - ) 
CO 
• H 
U 
• r l 
E <4-l 
o 14-1 
U O 
4-1 
4-1 
u 
o 
D -
<u 
i H 
O 
V4 
4J 
c 
o 
« C_3 
< 
:D 
o 
u 
•H 
> 
cu 
c 
o 
• H 
4J 
CO 
E 
)- i 
O 
>4-< 
c 
M 
r-t 
CO 
O 
•iH 
c o 
x; -* 
u 
cu 
H 
r H 
CO 
c» 
1 
f—1 
•<r 
CN 
C CQ 
O 
• H 
4-) 
CO 
Z 
P-. 
• 
o 
z 
^—N 
o 
vO 
(7N 
r H 
V w ' 
CO 
Q) 
C 
• H 
(0 
O 
/ — N 
CN 
i n 
ON 
1—1 
N - ^ 
c 
o 
o 
o 
T 3 
C 
CO 
CO 
• H 
O 
CQ 
D 
o 
/-^  
ON 
\ 0 
0^ 
<—t 
^^ 
• 
E 
0 
J5 
O 
• 
T 3 
tX4 
• U 
• H 
l-l 
0 0 
< 
• 
—) 
< 
(U 
u 
•H 
> 
OJ 
C/1 
c 
o 
• H 
4-1 
CO 
E 
1-1 
o 
4-1 
c 
M 
i H 
CO 
U 
• H 
C o 
x: -* 
CJ CXD 
cu 
H 
r H 
CO 
1 
I—( 
<}• 
CN 
13 pa 
o 
• H 
4-J 
CO 
z 
Cu 
• 
o 
2 
00 
vO 
ON 
i - H 
• 
T 3 
cu 
2 
• 
o 
• H 
CQ 
• O, 
X 
w 
• 
u 
o 
CO 
• 
u 
o 
u 
Cu 
/—\ 
r^  
vO 
ON 
i - H 
_^^  
• 
r H 
CO 
i J 
CU 
CO 
l-l 
D 
E 
• H 
C 
CO 
EH 
00 
in 
r H 
^ 
>. 
4-1 
CO 
• H 
J 
>> 
^ 
CO 
) M 
CO 
j « : 
cu J 
cu 
^ 
CO 
> 
CO 
r H 
CO 
•H 
4J 
CO 
t-l 
CQ 
< 
C/1 
cu 
u 
•H 
> 
V-i 
cu 
C/3 
d 
o 
•H 
4-1 
CO 
E 
l-l 
o 
M-l 
c 
M 
r H 
CO 
o 
• H 
c o 
x: ^ 
o 
<u 
H 
r H 
CO 
00 
1 
r H 
-* 
CN 
C CQ 
O D-, 
• H 
4-1 
CO 
Z 
• 
o 
2 
< 
C/3 
(U 
O 
• H 
> 
U 
OJ 
C/3 
d 
o 
• H 
4-1 
CO 
B 
l-l 
o 
MH 
C 
M 
T-{ 
CO 
O 
• H 
c o 
x: vt-
O 00 
(U 1 
H r H 
Vl -
r H CN 
CO 
C CQ 
O OH 
• H 
4-1 • 
CO O 
Z 2 
CO 
u 
o 
00 
00 
E 
C3N 
CO 
l-l 
o 
0 0 
^ 
0 0 
E 
r^  
\ 0 
c 
• H 
^ 
C/1 
0 0 
•^ •^  
0 0 
E 
i n 
CO 
r H 
CO 
CU 
c 
o 
4J 
•H 
u (U 
cu 
CO 
M 
4-1 
C 
M 
0 0 
j « : 
0 0 
E 
m 
CN 
r H 
CO 
l-l 
O 
c 
o 
• r l 
4J 
CO 
r-i 
CO 
x: 
c 
KH 
0 0 
—^  
0 0 
E 
CO 
C3N 
CO 
cu 
c 
o 
4-1 
• H 
l-l 
CU 
o. 
CO 
M 
4-1 
c 
I-H 
r H 
CO 
(U 
c 
o 
u 
•H 
u 
CU 
ex 
CO 
u 
4-1 
c: 
KH 
0 0 
^ 
0 0 
E 
0 0 
r H 
CO 
3 
0 
cu 
c 
CO 
4-) 
3 
o 
X I 
3 
C/1 
0 0 
• ^ • v ^ 
0 0 
E 
00 
C7N 
CO 
3 
0 
c (U 
> 
CO 
l-l 
4-1 
a 
M 
0 0 
^ 
0 0 
E 
o 
CN 
T-i 
CO 
u 
O 
c 
CO 
E 
3 
OS 
4-1 
CO 
Oi 
c 
o 
• H 
4J 
CO 
r H 
CO 
x; 
c M 
4-1 
CO 
ai 
4-1 
CO 
oi 
4-1 
CO 
Dd 
CU ' 
cn 
3 
O 
s: 
cu 
to 
3 
o 
s 
01 cu (U cu -H 
CO CO CO CO X3 
3 3 3 3 XI 
O O O O CO 
s s: s s K 
< 
m 
3 
tn 
f H 
(0 
•H 
O 
•H 
4-1 
4-1 
o 
00 
3 
VH 
Q 
T3 
C 
to 
T3 
O 
O 
fc 
<4-( 
o 
c 
o 
•H 
4-> 
O u^ 
tn o 
CO 1—1 
<c ^^ 
< 
en 
3 
(U 
U 
•H 
> 
V^  
0) 
C/D 
c 
o 
•H 
4-1 
CO 
E 
U 
o 
4-1 
C 
M 
i H 
CO 
O 
•H 
c o 
x: <r 
O 00 
(U 1 
H ^ 
<• i H CM 
(0 
C CQ 
O Cu 
•H 
4-1 • 
CO O 
z z 
-c 
en 
rs 
Q) 
u 
• H 
> 
u 
QJ 
CO 
c 
o 
• H 
4-) 
CO 
E 
IM 
o 
1+-I 
c 
t—1 
t - l 
CO 
u 
• H 
c o 
x: - * 
(J CX) 
CU 1 
H -H 
-* 
r-H CN 
CO 
C 02 
O D H 
•H 
4-1 • 
CO O 
2 2 
' ' - V 
CN 
t ^ 
O 
f - H 
'^ ^ 
»-l 
o; 
4-1 
CO 
x; 
o 
CO 
/ ~ v 
00 
r^  
CJN 
i - H 
-^^  
c 
CO 
u 
• o 
c 
CO 
J C 
o 
CO 
E 
CO 
c« 
T3 
c 
CO 
CO 
c 
J3 
CO 
• H 
k< 
J ^ 
CO 
E 
CO 
OS 
^^ 
<r 
r^  
ON 
I—1 
^ 
» 
rH 
CO 
4J 
(U 
J : 
00 
c 
•H 
cn 
4J 
3 
4-1 
• H 
4-) 
• H 
CO 
c 
(—1 
c 
o 
• H 
4J 
CO 
E 
l-i 
o 
U-l 
c 
M 
r- ( 
CO 
O 
•H 
C 
x: 
o 
CU 
H 
i H 
CO 
c 
o 
•H 
4J 
CO 
C ' -^ 
V^  \ 0 
<U r--
4-) O 
c ^ 
1-H -..^ 
00 
ON 
1—1 
*—' 
u 
•H 
CO 
2 
X ) 
C 
CO 
•H 
>-< 
CO 
B 
D 
fati 
18 
00 
^ 
00 
E 
O 
O 
CO 
c 
•1-1 
J«! 
CO 
OO 
J i 
00 
E 
O 
r-
CN 
f—1 
i H 
CO 
U 
O 
00 
^ 
00 
E 
O 
i n 
CO 
3 
o 
c 
0) 
> 
CO 
u 
4-) 
c 
>-l 
00 
^ 
OO 
E 
r~~ 
i - i 
CO 
t i 
o 
00 
*^^^  00 
E 
O 
<-H 
CM 
CO 
CU 
C 
o 
4J 
•H 
CO 
IH 
4-) 
C 
I-H 
B^ 
ON 
r H 
o 
o 
>^  
CO 
u 
a. 
en 
c 
• H 
^ CO 
4-) 
o 
CO 
4-1 
c 
o 
o 
4-) 
•H 
J 3 
X I 
CO 
Cd 
00 
•H 
OH 
CO 
CU 
c 
•H 
3 
O 
00 
•H 
0-, 
CO 
(U 
c 
•H 
3 
o 
T 3 
• H 
CQ 
T 3 
I-H 
•H 
3 
O 
c 
•H 
X ) 
r^ 
CO 
0) 
CO 
3 
O 
S 
0) ^ ^ 
(U (0 
X I (-< 
<u 
>^^ (U V< 
d o 
o ? 
ac v_x 
CU 
CO 
3 
O 
s 
x; 
CO 
•H 
Ci-, 
19 
1.8.8 Different toxicological studies : 
Neurotoxicity : 
The highest no-effect dose of methyl parathion tested 
for neurotoxicity in chicken was 32 mg/kg. The lowest effect-
ive dose tested was 65 mg/kg, approximately 1/3 of the lowest 
lethal dose tested (200 mg/kg). Although no histological 
examination was performed in this study, the neurotoxic signs 
in chicken at the above dose did not show the characteristic 
latency or persistence of classical neurotoxic agents. Onset 
and leg flaccidity at the above dose occurred within 24 hours 
and lasted 3-28 days. These results suggested that methyl 
parathion is not a demyelinating agent (Grains, 1969). 
Inhalation toxicity : 
Based on a 3-month inhalation study in which adult 
rats were exposed to aerosolized methyl parathion for 24 
hours/day and 7 days/week, MAC value of 0.008 mg/m for methyl 
parathion is recommended for urban atmospheric air (Akhmedov 
and Danilov, 1969). 
Immune response : 
Iramuno-suppressive effect of recrystallized methyl 
parathion observed in dose-response studies suggests that 
there may be slight tendency for methyl parathion to suppress 
cell-mediated immune-response in rabbits (Street and Sharma,1975). 
Xe tatoRenicity : 
Teratogenic effects were observed in mice after 
parenteral administration (Vettorazzi, 1976). 
Reproduction studies : 
Methyl parathion caused some physiological 
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disturbances in the reproductive process of rats. An emul-
sion concentrate of methyl parathion (10% w/v) plus DDT 
(30% w/v) induced specific changes in the testes of rats 
after single intraperitoneal injection (Dikshith and Dutta, 
1972). Repeated administration of methyl parathion plus 
DDT (30% w/v) emulsion concentrate over a period of 90,days 
produced pathological lesions in the testes of albino rats 
(Datta and Dikshith, 1973) 
The effect of methyl parathion (99% pure) was seen 
on the reproductive performance of rats. This study spreads 
over three generations revealed that dietary concentrations 
of 30 ppm or less did not produce any consistent or dose-
related effect on the reproductive performance in the rat 
(Lobdell and Johnston, 1966). 
In a study of the effect on foetuses of methyl para-
thion treated pregnant rats revealed that there was 
reduction in the cholinesterase activity of the foetal 
cerebral cortex suggesting that the pesticide had crossed 
the placental barrier. There was no significant difference 
in the occurence of still-births, neonatal deaths and gross 
developmental abnormalities, between pups derived from 
control and treated animals (Fish, 1966). 
1.9.0 Brain lipids : 
Studies of lipids in the nervous system form an 
important part of neurochemical investigations. Among 
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various body organs, the brain is one of the richest in 
lipids, comprise over half of the total dry weight (Brante, 
1949; Balakrishnan et al., 1961; and Suzuki, 1981). It 
contains a unique structure, the myelin sheaths, which 
has the highest lipid concentration of any normal tissue 
or subcellular components, except for adipose tissue, and 
which has been the subject of intensive and extensive stu-
dies in recent years. Myelin is present in all parts of 
the nervous system but is more concentrated in areas compo-
sed mainly of fiber tracts, such as the white matter of 
brain and spinal cord and in peripheral nerve trunks, such 
as sciatic nerve. The abundant lipids of CNS are located 
in both cellular and subcellular membrane and in the myelin 
sheath. Different types of membrane accumulate different 
types of lipids (Horrocks et al., 1975). Mammalian brain 
white matter contains about 50% myelin on a dry weight 
basis. Even in the whole brain of an adult rat, myelin 
is about 25% of dry weight and accounts for more than 40% 
of the brain lipid (Norton and Poduslo, 1973). Because 
the lipid compositions of gray and white matter differ 
both in total concentration and in the distribution of 
individual lipids. Early analysis of white matter revealed 
that cholesterol, sphingomyelin, and cerebroside were pre-
sent in larger amounts than in the gray matter (Johnson 
et al., 1948 ). Cumings (1953 and 1955) compared the lipids 
of demyelinated lesions in multiple sclerosis with those 
of normal areas of the brain and found a decrease in sphing-
22 
omyelin, cerebroside, and free cholesterol. Similar findings 
were made in demyelination resulting from Wailarian degene-
ration of the peripheral nerve (Rossiter, 1961 and Berry 
et al., 1965). The rapid increased myelin content is closely 
related with increase in brain weight (Smith et al., 1983). 
Waelsch, Sperry and Stayanoff (19A1) have studied 
that after birth lipid is deposited in the brain as a result 
of two processes, (a) growth and (b) myelination. Immedia-
tely after birth and before myelination is complete there 
is an active deposition of brain lipids (Fries, Changus 
and Chaikoff, 1940). The important lipids of the CNS are 
cholesterol, cerebrosides and phospholipids, lecithin, 
sphingomyelin and kephalin (Johnson, McNabb and Rossiter, 
19A8 ). The data of Galli et al. (1970) indicate that 
rat brain may have sphingomyelin levels as high as in human 
brain. About 50% of all lipid in white matter or 30% of 
total brain lipid, has been estimated to belong to the 
myelin sheaths in rat brain. The complete lipid analysis 
of myelin from different species has been published by 
various workers (Autilio et al., 1964; Eichberg et al., 
1964; and O'Brien, 1965). The most rapid increase in lipid 
content of brain begins after the periods of greatest incre-
ase of DNA and protein. Changes in specific lipids have 
been well documented (Rouser and Yamamoto, 1969 and Wells 
and Dittraer, 1967). Changes in fatty acid length and degree 
of saturation have been determined for several groups of 
lipids (Rouser and Yamamoto, 1969 and O'Brien, 1979). 
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Studies from this laboratory have shown that organophospho-
rus pesticides viz., DDVP, metasystox, methyl parathion, 
and dimecron perturb the levels of total lipids in the 
rat CNS (Tayyaba and Hasan, 1980; Islam et al., 1983; 
Tayyaba and Hasan, 1985; Hasan and Khan, 1985; and Naqvi 
et al., 1988) . 
The available literature on different lipids indicate 
that the knowledge of OP toxicity on brain lipids is inade-
quate. The different parts of the brain show regional varia-
tions in the lipid contents. Since the brain is a hetero-
geneous organ, composed of many structural and functional 
components with markedly different levels of functional 
and metabolic activity. It is reasonable to investigate 
the neurotoxicants influence on discrete brain areas. The 
present study deals with the effect of methyl parathion 
on different lipid levels in different regions of the rat 
brain. 
1.10.0 Phospholipids 
The "fluid mosaii' model of Singer and Nicolson (1972) 
and Singer (1974) postulates that most membrane lipids 
exist in a bilayer form, the "lipid bilayer". The physi-
cal state or "features" of the lipid may play a critical 
role in directing the conformation and function of these 
membranes. The structural matrix of cell membranes is a 
lipid bilayer, predominantly constituted of phospholipids, 
variable amounts of cholesterol, and glycolipids (Tanford, 
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1978). Factors such as temperature, hydration, pH, ionic 
strenght, divalent cations, anaesthetics, and alcohols 
may influence the formation of bilayers and under certain 
conditions other polymorphic forms such as the hexagonal 
H, and H..), micellar or inverted micellar, may be formed 
(Tilcock and Cullis, 1987). 
Phospholipids constitute approximately one-fourth 
of the dry weight of brain (Hokin, 1969). Total amounts 
of phospholipids are higher in white matter than in gray 
matter, and the reported amounts range from 3.1-4.6 g /lOO g 
fresh tissue for gray matter and 6.2-9.3 g /lOO g for 
white matter (Yasuda, 1937} Randall, 1938; Brante, 19A9; 
and Johnson, 1949). Most of the phospholipids were found 
to be more concentrated in the white matter than in gray 
matter, and since their accretion parallels myelination, 
it was proposed that these lipids were characteristic compo-
nents of the myelin sheath (Fumagalli and Paoletti, 
1963). The lipids of mammalian CNS myelin are composed 
of 25-28% cholesterol, 27-30% galactosphingolipid, and 
40-45% phospholipid. Brante (1949) calculated that myelin 
sheath lipids were 25% cholesterol, 29% galactolipids and 
46% phospholipids. As another example, total phospholipids 
are a larger percentage of gray matter lipid than of either 
myelin or white matter lipids. However, on a total dry-
weight basis, phospholipids are 30.2% of myelin, 25.2% 
of white matter, and 22.7% of gray matter. Recently, Tayyaba 
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and Hasan (1985); Hasan and Khan (1985); Vadhva and Hasan, 
(1986); and Naqvi et al. (1988) from this laboratory have 
reported the changes in the cerebrum, cerebe Hum, brain 
stem, and spinal cord after the intraperitoneal injections 
of organophosphorus compounds. 
Neurobiochemical studies of regional phospholipid 
changes of rat brain and spinal cord following the adminis-
tration of methyl parathion have not been reported in the 
literature and present investigation provides information 
on the effects of methyl parathion on brain phospholipids. 
1.11.0 Cholesterol : 
The lipids of mammalian CNS myelin are composed 
of 25 to 28% cholesterol, 40 to 45% phospholipid, and 
27 to 30% galactolipid. Brante ( 1949 ) estima-
ted that myelin sheath lipids were 25% cholesterol, 46% 
phospholipids, and 29% galactolipids. The data for lipid 
composition are expressed in mole percent, most of the 
preparations analysed so far contain cholesterol, phospho-
lipid, and galactolipid in molar ratios ranging from 2:2:1 
to 4:3:2. Thus, cholesterol constitutes the largest propor-
tion of lipid molecules in myelin. It contains approximately 
25% of myelin lipid by weight (Soto et al., 1966 and Cuzner 
et al., 1965). The structural matrix of cell membranes 
is a lipid bilayer, predominantly constituted of phospho-
lipids, variable amounts of cholesterol, and glycolipids 
(Tanford, 1978). 
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Cholesterol, structural formula (IV) is the only 
sterol present in normal adult brain in significant amounts. 
The alcohol group at position 3 may be esterified with 
a long-chain fatty acid. Esterified cholesterol is present 
in normal brain only at very low concentrations. In adult 
brain it is almost in the unesterified form (Davison, 1965) . 
Unesterified cholesterol has been suggested as a lipid 
that is characteristic of myelin sheaths, because it occurs 
in white matter in amount greatly exceeding those in gray 
matter (Yasuda, 1937; Randall, 1938; Johnson, 1949; and 
Brante, 1949). Along with cholesterol in CNS, there occur 
very small amounts of other sterol (upto 1%) (Cook, 1958). 
In rat brain, total levels of sterol ester increase from 
birth to 40 days (Eto and Suzuki, 1972). Kritchevsky and 
Holmes (1962) found varying amounts of the sterol in the 
newborn rat brain. Recently, Fumagalli and Paoletti (1963) 
and Fumagalli et al. (1964) reported that desmosterol acco-
unted for upto 7% of the human and rat fetal and neonatal 
brain sterol content. Desmosterol, which is the immediate 
metabolic precursor of cholesterol (Fish et al., 1962) 
and has an additional double bond at ^2L (structural formula 
V), is present in normal developing brain in measurable 
amounts just prior to myelination (Kritchevsky et al., 
1965 and Paoletti et al., 1965) and also in the myelin 
sheath itself in the early stage of myelination (Smith 
et al., 1967). Laatsch et al. (1962) demonstrated that 
cholesterol accounts for 18-20% of the dry weight of the 
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IV- structural formula of Cholesterol 
Y- Structural formuta of desmosterol 
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myelin fraction and that about 70% of the total brain chole-
sterol is present in the myelin. 
Biosynthesis of cholesterol in brain is most rapid 
during the period of active myelination, but adult brain 
retains the capacity to synthesize cholesterol when precur-
sors such as acetate or raevalonate are available. Acetate 
and its precursors are transformed through mevalonic acid 
to cholesterol. The adult human brain contains 25 g of 
cholesterol, but this amount at birth is only 2 (Waelsch 
et al., 1940 and 19A1). The pH 7.2 cholesterol ester hydro-
lase is one of three such hydrolases in brain that can 
be distinguished by their pH optima and response to deter-
gents (Eto and Suzuki, 1973 and Igarashi and Suzuki, 1977). 
Although most of the cholesterol in brain appears 
to be synthesized from endogenous precursors, experimental 
evidence indicate that a small amount of systemically injec-
ted cholesterol can be taken up intact and that the rate 
of uptake is greatest when the rate of cholesterol deposited 
in brain is most rapid, i.e., during active myelination 
(Dobbing, 1963). Once deposited in brain, cholesterol, 
particularly that incorporated into myelin, is relatively 
inert metabolically (Davison et al., 1958 and Khan and 
Folch, 1967). Further studies of incroporation of labelled 
cholesterol or labelled acetate into brain tissue indicate 
that the cholesterol of adult brain is relatively inert 
(Waelsch at al., 1940; Bloch et al., 1943; Svere et al., 
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1950; and Van Bruggen et al., 1953). After intracerebral 
injection of labelled acetate in rats, however, some label 
is incorporated into cholesterol and appears to remain 
there indefinitely (Nicholas and Thomas, 1959). Paoletti 
(1971) has substantiated the observation that microsomes 
are the subcellular site of brain cholesterol biosynthesis. 
Earlier findings from this laboratory have shown 
the alterations in the levels of cholesterol in discre-
te brain areas following OP intoxicosis (Tayyaba and Hasan, 
1980; Islam et al., 1983; Hasan and Khan, 1985; Tayyaba 
and Hasan, 1985; Vadhva and Hasan, 1986; and Naqvi et al., 
1988). 
At present, no attempt has been made to evaluate 
the effect of methyl parathion in the various regions of 
the rat brain and spinal cord. Therefore, it would be of 
interest to estimate the levels of cholesterol quantitati-
vely after the administration of three graded doses of 
methyl parathion. 
1.12.0 Lipid peroxidation : 
1.12.1 Peroxidation of membrane lipids; 
The lipids within the membranes of cells from higher 
organisms contain large numbers of polyunsaturated fatty 
acid side-chains. Such fatty acids are prone to undergo 
a process known as "lipid peroxidation", which involves 
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the generation of carbon radicals, followed by production 
of peroxide radicals (Fig. 1 ). Lipid peroxidation has 
been broadly defined as the oxidative deterioration of 
polyunsaturated lipids and involved in many disease proce-
sses and chemical toxicities (Tappel, 1973 and Tappel 
and Dillard, 1981). Lipid peroxidation is found to be affec-
ted in certain clinical disorders such as under nutrition, 
cancer, aging , hypoxia etc. It has been claimed (Tappel, 
1970) that lipid peroxidation in vivo has been of basic 
importance in aging, damage to cells by air pollution, 
toxic chemicals and in oxygen toxicity. It is believed 
that lipid peroxidation of biomembranes is one mechanism 
whereby of a foreign chemical may be toxic to cells, and 
this has evoked considerable interest in understanding 
the mechanism of this phenomenon in various biological 
systems (Bus and Gibson, 1979 and Recknagel and Glende, 
1977). Currently it is being noticed that loss of membrane 
integrity during pathological free radical mechanism leading 
to lipid peroxidation and degeneration of phospholipids 
are important factors which irreversibly damage brain cells 
in ischaemic and other adverse conditions (Demopoulos et 
al., 1979). The peroxidation of lipids can be highly catas-
trophic to the integrity of cellular membranes and to mem-
brane-bound enzymes (Bus and Gibson, 1979 and Recknagel 
and Glende, 1977). It is appropriate to recall here that, 
as well as being destructive at higher concentrations, 
lipid peroxides also appear to have an essential enzyme-
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Hydrogen abstraction - by a 
(A) Previously iormed peroxide 
radical or by a species such as 
OH* generated from 0* 
(B) Rearrangement 
(C) Conjugated diene (can be detected by 
absorbance at 233 nm) 
(D) Peroxide radical : abstracts H* from 
another chain so causing a chain 
reaction 
(E) Hydroperoxide 
Frdgmentation products including (especidlly 
malondldldehyde) 
Fig.l :Mechdnism of peroxidation of 
polyunsaturated fdtty acids. 
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activating role in the arachidonate metabolizing pathways 
(Hemler and Lands, 1980; Lands and Hanel, 1982; reviewed 
by Cleland, 1984). Free radicals have long been suspected 
as intermediates of biological oxidative processes. They 
are highly reactive transient chemical intermediates, the 
concentration of which is increased by high energy irradi-
ation and by molecular oxygen (Kormendy and Bender, 1971). 
In addition to the oxygen radicals themselves, certain 
products of radical-induced lipid peroxidation, including 
a series of aldehyde, may be toxic to invading organisms 
(Gutteridge et al., 1974) and host cells (Morel et al., 
1983). Being much more stable than free radicals, these 
toxic compounds can cuase injury some distance from the 
site of radical generation. Kartha and Krishnamurthy (1978) 
reported that among the different tissue from normal rats, 
the brain showed a considerably high degree of peroxidation, 
while the homogenate of other body parts showed comparati-
vely low lipid peroxidation. When lipids react with oxygen 
radicals they undergo a series of molecular rearrangements 
termed peroxidation and form a series of oxidation deriva-
tives, including lipid peroxides, lipid hydroperoxides 
and aldehydes (Esterbauer, 1982). Some of these products 
of lipid peroxidation are toxic to various cells, including 
endothelial cells (Sasaguri et al., 1984 and Peng et al., 
1985). Lipid hydroperoxides (Fig. 1 ) decomposes to produce 
aldehydes (e.g. malondialdehyde) and other products, inclu-
ding gaseous hydrocarbons such as ethane and pentane (Pryor, 
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1978}Konze and Elstner, 1978; and Cohen, 1979). Their decom-
position is catalyzed by transition metal ions and by haem 
compounds (O'Brien, 1969> Graziano, 1976; Svingen et al., 
1979; and Kohn and Kessel, 1979). Lipid hydroperoxides 
and some of their degradation products are highly cytotoxic: 
they cause extensive damage to enzymes and to membranes, 
producing a decrease in electrical resistance and membrane 
fludity and eventual loss of membrane integrity (Gutteridge 
et al., 1976; Hicks and Gebicki, 1978} Gardner, 1979; 
Putvinsky et al, 1979; and Pauls and Thompson, 1980). DNA 
associated with eukaryotic or bacterial cell membranes 
can be damaged, and so lipid peroxidation can have a muta-
genic effect (Pietronigro et al., 1977). Further, there 
is some evidence that malondialdehyde is a mutagen. Disrup-
tion of lysosomal membranes by lipid peroxidation can spill 
hydrolytic enzymes into the rest of the cell and thus poten-
tiate the damage. 
The peroxidation observed was probably initiated 
by traces of metal ions, especially iron, contaminating 
2 + 
the reducing agents. Since Fe is a good initiator of per-
oxidation, these compounds probably served to keep the 
iron in the reduced form and so to allow continuation of 
peroxidation (Wills, 1969 and Gutteridge et al., 1979). 
As a second protective mechanism, the chain reaction of 
lipid peroxidation can be effectively inhibited by abstruc-
tion of H from another donor (often called a "scavenger") 
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to yield a donor-derived radical that is relatively unrea-
tive. 
Lipid - 0„ + donor - H Lipid - OOH + donor 
It is well known that unsaturated fatty acids or 
lipids will undergo oxidation in the presence of oxygen. 
The progress of this reaction can be monitored in several 
ways. As oxidation proceeds, it is possible to observe: 
(1) an increase in absorbance at 233 nm; (2) 0„ uptake; 
(3) an increase in the quantity of lipid peroxidation pre-
sent; and in some cases, (4) an increase in the amount 
of malondialdehyde formed which is usually quantified as 
its highly coloured reaction product with thiobarbituric 
0 
% 
,0H 
H 
C —- C = 
I 
H 
Malondialdehyde 
H 
acid (TBA) test (Barber and Bernheim, 1967). The increase 
in absorbance at 233 nm is attributed to the formation 
of conjugated diene systems in unsaturated lipids. Oxygen 
uptake results in the formation of peroxides whose concen-
tration can be determined using an iodometric procedure. 
The TBA test for lipid peroxidation is a sensitive and 
widely used assay for malondialdehyde formed during lipid 
perox ida tion . 
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1.12.2 Proposed mechanisms for lipid peroxidation 
Dahle et al. (1962) proposed a mechanism for lipid 
peroxidation which attempts to explain the following obser-
vations: the increase in absorbance at 233 nm in the early 
stage of the oxidation, the appearance of lipid peroxides 
as intermediates in the reaction, the inhibiting effect 
of chain—breaking antioxidants on the reaction, and the 
more facile production of malondialdehyde as quantified 
by the TBA test from linolenic or arachidonic acids when 
compared to linoleic acid. The steps in the oxidation of 
a diene and a triene fatty acid system are illustrated 
in Fig.2 • This free radical chain reaction is initiated 
when some unidentified free radical abstracts a methylene H 
atom from the unsaturated fatty acid. The resulting free 
radical is stabilized by resonance, with several of the 
resonance forms adopting a conjugated diene system. Oxygen 
adds to the lipid free radical producing a hydroperoxy 
radical which may abstract a hydrogen atom from another 
unsaturated fatty acid (thereby propagating the chain reac-
tion) to form a lipid peroxide. In the Dahle et al. (1962) 
mechanism, malondialdehyde is produced by the triene but 
not the diene system because only with the former is it 
possible to obtain a hydroperoxy radical with a double 
bond between the carbons B, Y to the peroxy radical. It 
is possible to obtain the cyclic peroxide II in triene 
systems which is the non-volatile precursor of malondial-
dehyde. Pryor et al. (1976) have criticized this mechanism 
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because of the assumption that only methylene hydrogen 
atoms can be abstracted in the initiation step. If hydrogen 
abstraction can also occur at alkylic positions at the 
ends of the alkene systems then linoleic acid can also 
produce the cyclic peroxide II. Since both linoleic and 
linolenic acids can form II, then Dahle's mechanism does 
not explain the difference in the rate of malondialdehyde 
formation from linoleic and linolenic acids. Pryor et al. 
(1976) suggest that the fatty acid free radical I abstracts 
a hydrogen atom internally. Triene systems produce a more 
stable bicyclic free radical III than diene systems since 
they are stabilized by the third double bond. 
Malondialdehyde 
+ 
other products 
The endoperoxide IV is the non-volatile molondialdehyde 
precursor in Pryor's mechanism. The endoperoxide IV has 
a structure related to those of the endoperoxides produced 
in the biosynthetic sequence leading to prostaglandins 
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(Pryor et al,, 1976). Pry or eta I. ( 1 9 7 6 ) have also 
shown that many cyclic peroxides produced during the oxida-
tion of unsaturated fatty acids give positive TBA tests. 
In fact, of the 5 cyclic peroxides tested only the one 
with dioxygen functionality on a tertiary carbon failed 
to give a positive TBA test. Hence, there is probably more 
than one malondialdehyde precursor. However, the activation 
of oxygen is not the only mechanism of activation of lipid 
peroxidation. But it is also the process of a chain reaction 
by its nature, and the influence on the proceeding of the 
reaction may be the key mechanism of lipid peroxidation 
regulating in the cell. Studies from our laboratory have 
shown that the lipid peroxidation 'in vivo' is 
of basic importance in aging, in damage to cells 
by toxic gases, heavy metals and organophosphate pesticide 
neurotoxicity (Gupta and Hasan, 1988; Haider and Hasan, 
1984; Haider et al., 1981; Hasan and Ali,1981;Bano and Hasan, 
1989; Islam et al., 1983; Tayyaba and Hasan, 1985; Hasan 
and Khan, 1985; Vadhva and Hasan, 1986; and Naqvi et al, 
1988). 
The problem of the controlling mechanisms of lipid 
peroxidation in the cell has become more and more complex. 
Recently, Hasan and Khan (1985) reported that an OP, methyl 
parathion , significantly increases the lipid peroxidation 
in different brain regions. To date, the effect of OP pesti-
cides on the rate of lipid peroxidation are limited and 
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particularly, the effect of OP methyl parathion on the 
lipid peroxidation is not known. Therefore, it would be 
of particular interest to investigate the rate of lipid 
peroxidation in discrete brain areas after the administra-
tion of different doses of methyl parathion. 
1.13.0 GanRliosides : 
Gangliosides are essential constituents of cell 
membrane and are more concentrated and more complex in 
the CNS than in any other organ (Rahmann, 1983). Ganglio-
sides were originally isolated by Klenk (1942) from cerebral 
gray matter as mixture of different species. These are 
found in highest concentration in the CNS, particularly 
in gray matter of brain, where they constitute 6% of the 
total lipids (Lehninger, 1984). Furthermore, gray matter 
is ten times richer in gangliosides than white matter 
(Wolfe, 1972). 
Gangliosides that contain a tetrahexosyl oligosa-
ccharide moiety are highly concentrated in brain and appear 
to play a minor role in the development of the CNS and, 
in particular, may be related to proper synaptic function. 
Ganglioside is known to undergo substantial developmental 
changes (Suzuki, 1965). Brain gangliosides are also unique 
in their concentration and molecular distribution. 
Hematoside (GM^) is usually the only ganglioside -
related lipid present in significant amounts in most 
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systemic organs, 
Biosynthesis of brain gangliosides occurs by sequen-
tial additions of monosaccharides or N-acetyl neuraminic 
acid (NeuNAc) to the carbohydrate chain, starting from 
ceramide (Kaufman et al., 1967 ; Ledeen and Mellanby, 
1977). Degradation of brain gangliosides also proceeds 
by sequential removal of monosaccharide and NeuNAc by gly-
cosidases and neuraminidases (Ledeen and Yu, 1973). Lyso-
somes are thought to be a major locus for the degradation 
of gangliosides (Sandhoff and Christomanoue, 1979). Although 
gangliosides, complex sialic acid-containing glycosphingo-
lipids, were once thought to be exclusively situated in 
neurons, it is now apparent that myelin from mammals con-
tains these lipids at concentrations ranging from 300p^ 
to greater than 900 ug of sialic acid per gram of myelin, 
depending on the species and the CNS region; whereas chicken 
brain and pigeon brain myelin have much higher concentra-
tions, about 2,000 ug sialic acid per gram. Spinal cord 
myelin has about half the ganglioside content of brain 
myelin. These levels in mammals are equivalent to about 
0.1 to 0.3% ganglioside and are 10 to 20% of the levels 
in cerebral gray matter. The total ganglioside level in 
rat brain increases rapidly during the period just before 
myelinogenesis, 7-16 days after birth and the level remains 
constant thereafter throughout the adult period (Suzuki, 
1965 and Rahmann, 1980). In mature rat, mouse, ox, cat, 
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and rabbit, the myelin gangliosides have a pattern comple-
tely unlike that of whole brain ganglioside, accounts for 
about 70 mole percent of the total myelin ganglioside 
(Suzuki et al., 1968; Ledeen et 3l., 1973; Ueno et al., 
1978 ; and Ledeen et al., 1979). All other membrane frac-
tions have ganglioside patterns that closely resemble those 
of whole brain and have much higher levels of the polysialo 
species. It is probably safe to say that astroglia and 
neuronal perikarya show similar patterns of gangliosides 
(Abe and Norton, 1974). Myelin from human, monkey, chimpan-
zee, and avian CNS contains an additional ganglioside as 
a major component, sialosylgalactosylceramide (GM, or G.,) 
(Ledeen et al., 1973 and Ledeen et al., 1979). Thus gangli-
oside is derived from cerebroside and has a fatty acid 
pattern typical of myelin galactolipids, rather than of 
the other brain gangliosides (Ledeen et al. , 1973). Ganglio-
side GM, and GM. is probably specific to myelin and oligo-
dendroglia in certain species (Ledeen et al . , 1973 ^^^ 
Yu and Iqbal, 1979). Karpovaet al.(1978) repoited that ganglio-
sides are localized primarily in plasma membrane, and white 
et al. (1978) have shown that monosialoganglioside is pre-
sent in the brain in high amount (Ledeen, 1985) and is 
preferentially localised at the synaptic region where the 
presence of some ganglioside biosynthetic enzymes have 
also been found (Mirsky et al . , 1978 and Hansson et al., 
1977). GMj^  can affect neurotransmitter receptors with a 
modulatory action observed on cortical 5-HT receptors 
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(Agnati et al., 1983 a,b). Recently, it has been shown 
that gangliosides may modulate phosphorylation system 
(Agnati et al , 1984 and 1985; Bremer et al . , 1984 and 
1986; and Goldenring et al., 1985). Gangliosides appear 
to act as specific receptors for certain bacterial toxins 
(Ledeen and Mellanby, 1977). 
Some experimental information is now beginning 
to appear concerning the possible role of gangliosides 
as receptors for such natural cellular constituents as 
hormones (Dreyfus et al., 1979). It is now generally assumed 
that exogenous ligands such as bacterial toxins, antigens, 
calcium ion and so on, bind to specific gangliosides to 
induce sequential activations of membrane-associated enzymic 
reactions and cellular metabolism (Fishman and Brady, 1976; 
Yamakawa and Nagai, 1978; and Hakamori, 1981). Previous 
reports from this laboratory also embody similar findings 
in cases of neurotoxicity by other organophosphorus comp-
ounds, such as metasystox (Islam et al., 1983); dimecron 
(Naqvi et al., 1988); and methyl parathion TKhan and Hasan,1988). 
To my knowledge, the effects of OP pesticides on 
gangliosides are limited. Particularly, the effect of 
OP-methyl parathion on ganglioside is not known. Therefore, 
it would be of particular interest to evaluate the ganglio-
side levels in different regions of the rat brain and spinal 
cord after the administration of different doses of methyl 
parathion. 
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1.14.0 GlycoRen : 
Glycogen, the major carbohydrate storage molecule 
in animals tissue, consists of polymers of ^^-D-glucose 
joined linearly by 1 ,4-glycosidic links with -branch 
points provided by 1 ,6-glycosidic bond. The normal 
adult mammalian brain contains less than 1 mg of 
glycogen per gram, which is about 10% of the 
cencentration in muscle and about 1% of that in 
the liver of fed animals. Glycogen is fairly evenly 
distributed throughout the layers of mouse cerebral 
cortex and occurs in slightly higher concentrations in 
the fibers of subcortical white matter (Folbergrova et 
al., 1970). Glycogen, although present in relatively low 
concentration in brain (3.3 m mol/kg brain in rat), is 
a unique energy reserve that requires no energy (ATP) for 
initiation of its metabolism. Glycogen granules have been 
seen in electron micrographs of glia and neurons of immature 
animals, but only in astrocytes of adults (Phelps, 1972). 
The accepted role of glycogen is that of a carbohydrate 
reserve utilized when glucose falls below need. However, 
there occurs rapid continuous breakdown and synthesis of 
glycogen (17 U mol/kg/min) (Watanabe and Passonneau, 1973). 
This is approximately 2 percent of the normal glycolytic 
flux in brain and is subject to elaborate control mechanisms. 
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This suggests that, even under steady-state conditions, 
local carbohydrate reserves are important for brain func-
tion. If glycogen were the sole supply, however, the normal 
glycolytic flux in brain would be maintained for less 
than 5 minutes. 
Glycogen metabolism in brain, however, is controlled 
locally. This metabolism is isolated from the tumult of 
systemic activity, evidently because of the blood-brain 
barrier. Although glucocorticoid hormones that penetrate 
the brain will increase glycogen turnover, circulating 
protein hormones and biogenic amines are without effect 
(Watanabe and Passonneau, J973). Beyond the barrier, cells 
are sensitive to local amine levels, so drugs that pene-
trate the barrier and modify amine levels or membrane 
receptors cause metabolic changes (Quach et al., 1978). 
Glycogen is increased in muscle, liver, heart, 
glial cells, the nuclei of brain stem, and anterior horn 
cells of the spinal cord. With the marked involvement 
of all these tissues, the clinical disorder presents 
as a profound weakness attributable to both motor neuron 
and muscle disease, cardiomegaly with heart failure and 
in some cases, macroglossia. 
Our recent studies ( Khan and Hasan, 1988 ) 
revealed that the administration of methyl 
parathion in three different doses caused depletion 
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in the content of glycogen in discrete brain areas investi-
gated. There is no previous report on the levels of glycogen 
in various regions of CNS following the administration 
of different doses of methyl parathion. In view of paucity 
of information on dose-related alterations in glycogen 
levels in various regions of the rat brain following methyl 
parathion poisoning the present investigation was undertaken 
to elucidate some of the mechanisms involved in the methyl 
parathion neurotoxicity. 
1.15.0 Nucleic acids : 
Nucleic acids are charged with the hereditary trans-
mission of genetic information and its differential expre-
ssion, depending on the ontogenetic and functional state 
of a cell, but the end products of this expression are 
constituted by that cell's proteins. Their functional 
versatility is truly protean* They serve the multiple needs 
of the cell and express its individuality; as structural 
elements in its membranes and organelles (nuclei, plasmal-
emma, axonal membranes, synaptic junctions, mitochondria, 
endoplasmic reticulum, golgi apparatus microtubules, micro-
filaments, intermediate filaments, etc.); as enzymes; as 
receptors and transducers for neurotransmitters, hormones, 
or other regulatory effectors. 
The most obvious index of brain growth is weight. 
The period of maximal rate of weight increase takes place 
at various times in different regions of the nervous system; 
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in the following sequence; peripheral nerves, spinal cord, 
cerebrum, cerebellum. The cerebellum shows the sharpest 
rate of growth, the spinal cord the most gradual. In gene-
ral, the increase in weight of a region of the brain corres-
ponds to myelination and the proliferation of neuronal 
processes. 
As with weight increase, the period of most rapid 
DNA synthesis and accumulation is earliest in spical cord, 
followed by cerebrum » then cerebellum. For example, at 
birth, rat cerebrum has 50% of its adult DNA content, 
whereas cerebellum has only 3% (Fish and Winick, 1969). 
The rate of increase in cell number is most rapid in cere-
bellum, slower in cerebrum, and . most gradual in spinal 
cord. Thus, in postnatal rat brain, DNA content increases 
five times more rapidly in cerebellum than in cerebrum. 
A knowledge of DNA helps in understanding the 
tissue components such as average cell densities, 
dry weight/average cell and total number of cells in 
each brain area (May and Grenell, 1959). DNA extracted 
from human cerebral gray matter had an A+T/G+C 
ratio of 1.48, while the white matter had a ratio 
of 1.41. The actual content of DNA was repor-
ted to be 0.50 mg/g fresh weight in human 
gray matter and 0.72 mg/g fresh weight 
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in white matter (Robinson , 1966). 
Characterization of the RNA in rat brain shows 
that a large proportion of RNA synthesis results in messen-
ger RNA (mRNA) synthesis in brain than in liver (Murthy, 
1970). In developing brain, characteristics are compatible 
with the rapid rate of protein synthesis observed. Compared 
with adult brain: (a) the mRNA turns over more rapidly, 
(b) more of the ribosomal RNA is polysomal and membrane 
bound, and (c) these polysomes are more stable (Rappoport 
et al., 1969). The axonal RNA may contribute some 0.5 
mg per gram of wet weight, although in most other instances 
the values are considerably lower (Koening, 1969). 
It has been suggested that, in addition to the 
established role of nucleic acids in the biosynthesis of 
protein (Campbell, 1965), RNA and protein synthesis may 
be involved in the accrual of sensory information in the 
brain, thus indicating a possible approach to elucidation 
of brain function on a molecular basis (Hyden, 1964). 
The studies of RNA concentration are of interest to know 
the rate of protein synthesis and also to understand the 
functional status of the nervous tissue (Bergen et al., 
1974). Edstron (1956) and Edstron and Pigon (1958) have 
reported that there is a proportionality between RNA content 
and the surface area of the cell body. Hyden (1964) has 
reported that the content of RNA in neurons varies over 
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a wi(l(> rniiRc. The concentration of RNA has also shown variat-
ions within the regions of the brain. The highest concent-
ration is found in cerebellum, hypothalamus, and cerebral 
cortex, while the lowest is reported in medulla (May and 
Grenell, 1959). Increased RNA concentrations due to 
metasystox OP neurotoxicity in cerebellum, brain stem, 
and spinal cord of the rat have been reported (Tayyaba 
et al., 1981). The available literature indicates that 
the effects of OP compounds on brain nucleic acids is still 
inadequately understood. As the brain regions show remark-
able heterogeneity in nucleic acid contents, it is reason-
able to investigate the neurotoxic effects of OP compounds 
on discrete brain areas. The present work deals with the 
effect of methyl parathion on nucleic acids level in 
various regions of the rat brain. 
1.16.0 Protein : 
Proteins specific to the nervous system are of 
interest because they underlie the developmental speciali-
zation and differentiation of the system's cells. These 
proteins are usually assayed in terms of their biological 
activity, for example, as enzymes or receptors for specific 
ligands or, more generally, as antigens. These properties 
are also frequently employed as aids in the isolation and 
purification of the proteins. Many of the important 
proteins of nerve tissues, including entities at the synapse, 
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are glycoproteins, that is, they contain oligosaccharide 
side chains attached to selected aspartate, and perhaps 
serine and threonine, residues of their polypeptide chains 
(Mahler, 1978). 
Protein, one of the many important biochemical 
components in the vertebrate brain constitutes 40% of the 
dry weight (McLlwain and Bachelard, 1971). The changes 
in the neuronal activity are accompanied by measurable 
changes in macromolecules like protein in brain cells. 
It has also been reported that the increased neuronal acti-
vity decreases or inhibits the synthesis of proteins (Hyden 
and Lange, 1972). The specific neuronal functions such 
as conduction of action potentials, and synaptic transmiss-
ion are extensively mediated by protein (Bock, 1978). Recent 
evidences suggest the role of glycoproteins in a number 
of specific cell-cell interactions, including intercellular 
adhesion and the mechanisms governing neural histogenesis, 
regional brain differentiation and the specificity of 
neuronal associations (Margolis et al., 1975). 
Brain specific proteins have been described by 
Moore (1965). Takehara (1956 and 1957) mentioned the 
existence of a species-specific fraction and an organospe-
cific fraction in the brain proteins. Also Caspara and 
Field (1963) described a brainspecific antigen. The 
S-100 protein of Moore (1965) is distributed in all parts 
of the nervous system, both peripherally and centrally. 
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The author suggested that it is probably a neuronal protein 
composing no part of the myelin sheath structure. Recent 
studies (Uyenura et al., 1967) demonstrated that the 
S-100 protein is heterogeneous • Proteins in the brain 
are in a dynamic state. Synthesis and catabolism have 
been intensively studied by Lajtha (1961). 
Proteins are both implements and modulators of 
the autocatalytic and heterocatalytic system charged with 
genetic continuity and its expression, that is, as compo-
nents of the replicative, transcriptional, and translational 
apparatus. Proteins destined for intracellular use, 
including peripheral membrane proteins and proteins residing 
on the cytoplasmic aspect of plasma membranes, are synthesi-
zed by polysomal arrays in the cytosol, that is, unattached 
to membranes. Recent studies have disclosed that many 
proteins are subject to the posttranslational modification 
by controlled proteolysis of defined segments of the newly 
synthesized polypeptide chain (Lodish, 1976). It has been 
verified for protein synthesis in Aplysia, in discrete 
neurons and neuronal clusters with defined function 
(Berry, 1976 and Loh et al. , 1977). 
It has been evidenced that many environmental and 
nutritional factors may bring about the changes in the 
proteins (McLlwain and Bachelard , 1971). The decrement 
in the protein concentration in various regions of the 
brain and spinal cord has been observed in the rats treated 
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with different doses of metasystox (Tayyaba et al., 
1981). 
Brain, in general, has high rate of metabolic 
activities. It needs more proteins for expected high rate 
of protein turn over. This view is well correlated with 
the presence of large amount of cytoplasmic ribosomes, 
which gives large number of sites for protein synthesis 
(McLlwain and Bachelard, 1971). Any change in the protein 
concentration may influence the metabolic rate of the 
tissue. It requires rapid synthesis and renewal of protein. 
To analyse this view, in the present work, an attempt has 
been made to study the changes in the protein content of 
rat brain due to methyl parathion treatment. 
1.17.0 Acetylcholinesterase (AChE) : 
AChE is one example of an enzyme that functions 
extracellularly; it is localized at functionally specialised 
parts of plasma membranes, such as the end-plate region 
of skeletal muscle. This enzyme has an attachment segment 
that resembles collagen in structure and composition 
( Lwebuga-Mukasa et al . , 1976). AChE of skeletal muscle 
is located in neuromuscular junction, where it hydrolyzss 
the ACh released from the nerve terminal (Fig 3 ). Three 
lines of evidence indicate that AChE is associated with 
the basal lamina of muscle rather than being an integral 
part of the postsynaptic plasma membrance. Firsti mild 
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st imulat ion of receptor. 
53 
chemical treatments release AChE from skeletal muscle or 
the electric organs of Electrophoresis and Torpedo. Tissues 
treated by mild enzyme hydrolysis (Massoulie et al., 1970), 
or extracted with high ionic strength solutions (Hall, 
1972) release AChE. Second, the chemical structure of 
native AChE suggests that a number of subunits are attached 
to a filamentous tail that resembles collagen fibrils 
present in the basal lamina (Taylor et al., 1977). 
Koelle and coauthors (1963) noted that only part 
of the AChE of brain behaves as if it were accessible to 
quaternary substrates and inhibitors. They supposed that 
this fraction of the enzyme (functional AChE) is outward 
facing, and the remainder (reserve AChE) is inward facing 
and in transit. The ability of peripheral cholinergically 
innervated tissues to form surplus ACh (Collier and Katz, 
1971) in the presence of an anticholinesterase suggests 
that at least a small part of the enzyme transported by 
peripheral axons is still in the reserve orientation as 
it nears the synapses; cerebral cortex, which seems to 
have less of that ability, may possess only functional 
AChE. Most tissues contain several forms of AChE (Haubrich 
and Chippendale, 1977; Ulus et al., 1978; and Bon et al., 
1979). These are catalytically identical glycoproteins, 
but they differ in molecular weight, ease of extraction, 
and physical properties. 
54 
The most conspicuous feature of all organophos-
phorus compounds is their structural complementarity 
with the target enzyme molecule, ChE. In essence, 
organophosphorus compounds mimic the gross molecular 
shape of the natural substrate of ChE, ACh. ChE is 
perhaps one of the most studied enzymes in biological 
systems. The organophosphorus compound mimics the natural 
substrate, ACh, by binding itself to the esteratic site 
of AChE, resulting in the phosphorylation of the enzyme 
which is inactive (Cremlyn, 1978). DuBois et al. (1949) 
have observed that rats poisoned with parathion showed redu-
ced ChE activity. Subsequent researches have also shown 
that most of the OP' s inhibit AChE in the brain of verte-
brates after crossing the blood-brain barrier (Emsley et 
al., 1976). Paul et al. (1979) have also observed the inhi-
bition of • AChE activity in the brain of rat when treated 
with malathion. The studies of Tsumuki et al. (1970) indi-
cate that the dimethioate, sumithion and trichlorfon, inhi-
bit AChE activity of mice brain in varying proportions 
depending on the level of » and duration of the pesticide 
treatment. The organophosphorus compound diazinon inhibits 
ChE activity in the CNS and other parts of the body and 
induced hyperglycaemia (Dybing and S,ognen, 1958; Holmstedt, 
1959; Hayes, 1963; and Weiss et al., 1964) and increases 
the brain level of ACh (Kar and Matin, 1971), resulting 
in stimulatory effects, tremors and convulsions. Similarly, 
malathion is an organophosphorus compound which inhibits 
ChE leading to stimulatory effects, tremors and convulsions 
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(Hazleton and Holland, 1953; Holmstedt, 1959; and Hayes, 
1967), and also induces hyperglycaemia (Matin and Siddiqui, 
1982). The inactivation of AChE as result of OP poisoning 
results in the accumulation of ACh at nerve endings (Durham 
et al. , 1957; Coppage et al., 1975; Cremlyn, 1978; and 
Hall and Kolbe, 1980)* Inhibition of this enzyme by OP's 
is a result of firm binding of phosphate radicals of the 
OP's to the active sites of the enzyme (Johnson, 1976). 
This prevents the smooth transmission of nerve impulses 
across the synaptic cleft (Moriarty, 1975 and Murphy, 
1980), causing restlessness, necrosis, tremor, ataxia, 
convulsions and depression in respiratory centres (Murphy, 
1980). It has been demonstrated by 'iji vitro' studies that 
the enzyme inhibited by dimethyl-p-nitrophenyl phosphate 
is more unstable than that inhibited by the diethyl analogue 
(Aldridge, 1953 and 1971). 
A survey of the literature reveals that OP pesticides 
undergo biotransformation before they exert their delete-
rious effects on variety of organisms (O'Brien, 1960 ^"" 
1967; Fukuto and Metcalf, 1969; Dauterman, 1971; and Eto, 
1974). 
Parathion, an OP pesticide^ is less toxic to animals 
than its oxygen analog paraoxon (Table 3). Several factors 
which can alter the toxicity of parathion do not affect 
paraoxon's toxicity, though both act as anticholinesterase 
agents (DuBois et al., 1949). 
* 
Table 3 : In the following table the biological properties 
of structural variations of parathion-methyl and parathlon 
are compared with respect to their activity against aphids 
(Doralis fabae) at threshold concentrations and the acute 
(single dosage) oral LD values for rats expressed in 
mg/kg (Schrffder, 1965 ancT Schroder, 1967). 
Compound Name Siruciural formula Toxiciiy: Doruln/uhue 
no. LO totals ' i cone. 
oral mg k^g '/, mormlity 
1 methyl parathion {CHjO),PS.O-/^_\-NO, 14 O.CX)08 lOO 
2 PO.O-C V N O , JO 0(XX)8 .10 
y methyl paraoxon ( C 1 1 , 0 ) , I ' 0 . 0 - ^ ^ H N O , 15 01x15 iix) 
5 ( C 1 I I ) , P S . O - / _ V N O , 100 0.1 
(CII,),N^ / - ! . 
PS.O-f VNO, 250 
/ ^=^ 
(CHJOIJPS.S-^VNO, 1000 0.1 
(C,HjO),PS.O-/^-NO, 6.8 0.00016 20 
PO.O-f V N O , 50 0 01 100 
(C,lljO),PO.O-/^-NOj 2.5 0.00016 10 
ClIjO 
(CII,),N^ 
U.OOI 100 
98 
0.01 W 
500 0.1 
SO 
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Anticholinesterase poisoning, if not too severe, 
can be relieved by treatment with atropine, supplemented 
by a suitable oxime (R.Ch.NOH), if the poisoning is the 
result of a long-acting organophosphorus inhibitor. The 
oxime combines chemically with the phosphorus atom of inhi-
bitor and so reactivates the enzyme. It was previously 
reported that diacetylmonoxime (DAM) readily crossed the 
blood-brain barrier and was more effective than other oximes 
in reactivating the ChE in the brain (Holmstedt, 1959). 
Organophosphorus compounds inhibit ChE and produce toxic 
effects such as hyperexcitability, tremors and convulsions 
(Stewart, 1952 and Nachmansohn, 1959); these effects are 
controlled by oximes which have been reported to reactivate 
the phosphorylated (inhibited) ChE (Wilson and Ginsburg, 
1955 and Child et al., 1955). Recently, Matin and Siddiqui 
(1982) reported that the paraoxon treated animals developed 
tremors and convulsions which were abolished by DAM; and 
significantly reactivated ChE in brain regions and periphe-
ral tissues. Certain oximes have been reported to be more 
useful than others in the toxicity induced by organophospho-
rus compounds (Bay et al., 1958 and Hobbiger and Sadler, 
1959). Further the effect of oximes on the level of ChE 
in different organs of OP poisoned animals varies (Ohnesorge 
and Kreudstein, 1970 and Flab and Erdmann, 1969). Further-
more, Matin and Siddiqui (1982) revealed that the rats 
were injected with malathion (500 mg/kg, i.p.), exhibited 
increased concentration of ACh in various brain regions. 
Additionally, malathion-treated rats were injected with 
DAM (100 mg/kg, i.p.) immediately or 30 min after the 
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administration of malathion, this reactivated the concen-
tration of ChE in the brain. 
Bellau and Lavoie (1968) came to similar conclusions 
in a thermodynamic study using AChE as a model receptor. 
They found "ligand binding will occur only at the expense 
of an actual physical change in the molecular species conce-
rned (ligand-induced perturbation theory of drug action). 
Krupka and Laidler ( 196I ) were 
especially concerned with the structure of the active center 
and the kinetics of enzyme action and inhibition. Their 
results provide good evidence on the active site of acety-
lcholine esterase and its mode of action. 
Investigations on the effect of OP pesticides on 
brain of both target and non-target animals are abundant 
but literature on changes in AChE activity due to sublethal 
concentration are scanty, particularly in rats. On the 
other hand, DAM was tested as protective agent against 
the adverse effects of OP methyl parathion. Hence, an 
attempt have been made to study the extent of OP neurotoxi-
city and the protective effect of DAM against methyl para-
thion induced adverse effect on AChE in the different 
regions of the male albino rats treated with different 
concentrations of methyl parathion and diacetylmonoxime. 
1.18.0 Brain mitochondria : 
Brain tissue is a rich source of mitochondria and 
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its high rate of glucose and oxygen utilization reflects 
this fact . These organelles occur ubiquitously in the 
neuron and its processes. Their overall shape may change 
from one type of neuron to another, but their basic morpholo-
gy is identical to that in other cell types. Mitochondria 
consist morphologically of double-membraned sacs surrounded 
by protuberances, or cristae, extending from the inner 
membrane into the matrix space. Novikoff and Holtzman 
(1976) discusses the ultrastructure and enzymatic properties 
of mitochondria and its cellular components. Qualitative 
and quantitative differences distinguish brain mitochondrial 
metabolism from that of other organs. There are also 
differences in the distribution of mitochondrial en^mes 
throughout the brain that lead one to the conclusion that 
there are different types of mitochondria withing the brain. 
Furthermore, mitochondrial size and function do change 
during maturation. Therefore, functional heterogeneity 
among brain mitochondria may be related to their location 
in perikarya synaptosomes, or various glial cells. Brain 
mitochondria also differ from those in other tissues 
because they contain higher concentrations of certain 
"nonmitochondrial" enzymes. As in other tissues, brain 
mitochondria apparently are self-replicating bodies, altho-
ugh most of their active enzymes depend on the cell's chrom-
osomal-ribosomal apparatus for synthesis. Brain mitochond-
ria have an affinity for oxygen several times that of liver 
mitochondria and also react differently to osmolar changes 
both morphologically and biochemically. 
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1.19.0 Glutathione-S-transferase (GST) : 
The pioneer studies of Booth et al. (1961) and Comes 
and Stakelum (1961) independently demonstrated the presence 
of an enzyme in rat liver cytosol which catalyses the conju-
gation of variety of foreign chemicals with glutathione. 
The enzyme was subsequently named glutathione-S-aryl trans-
ferase. Later on, several other GSTs were demonstrated 
depending upon the substrate specificity. The GST, which 
is a family of enzymes, has a crucial role in the response 
of cells to a wide variety of acute and chronic toxins 
(Chatterjee and Bhattacharya, 198A; Patridge et al., 1983; 
and Stockstill and Dauterman, 1982). The investigators 
(Jakoby and Keen, 1977) have proposed that GST provide 
a 'triple threat' in detoxification reactions: firstly, 
as a catalysis in numerous reactions in which glutathione 
participates as a nucLeophile, secondly as a storage facili-
ty for many compounds prior to their metabolism or excretion 
and thirdly as 'sacrificial' covalent linkage for electro-
philic compounds. 
GSTs are a family of multi-functional enzymes that 
catalyse the conjuction of glutathione with a wide variety 
of electrophilic compounds such as polycyclic aromatic 
hydrocarbons, aromatic aminoa zo dyes, alkylating agents, 
carcinogens, and neurotoxins (Mukhtar and Bresnick, 1976; 
Jakoby, 1977; Smith et al., 1977; Jerina and Bend, 1977; 
and Dixit et al., 1980), pesticides, food preservative 
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and food additives etc. (Boyland and Chasseaud , 1969). 
In general, glutathione-S-conjugates formed by GSTs are 
further catabolized to cysteine derivatives by simultaneous 
removal of glutamyl and glycine group by enzymes, Y-glutamyl 
transferase and cystinyl glycinase respectively. S-conjuga-
tes are further acetylated by an enzyme N-acetyl transferase 
to N-acetyl cysteine-S-derivatives as mercapturic acid 
(Boyland and Chasseaud, 1969). The scheme of synthesis 
of mercapturic acid is given in Fig. h. 
GST, a family of cytosolic enzymes with overlapping 
substrate specificities, plays an important role in the 
biotransformation of many xenobiotics« GST activity appears 
to be ubiquitously distributed in tissues of vertebrate 
and invertebrate species (Bend et al. , 1978), including 
humans (Mukhtar et al. , 1981). Furthermore, some of the 
properties of microsomal GST have been described by Morgen-
stern et al. (1980) indicating differences in the induction 
pattern in comparison to cytosolic GST. 
In view of wide spectrum of conjugation reactions 
mediated by GSTs, it is apparent that transferases would 
play a greater role in the metabolic disposition of a variety 
of chemicals or their microsomal metabolites. To date, 
very little information is available in the literature 
on the possible alterations in GST activity in the rat 
brain following methyl parathion intoxication. In the 
present work, it is planned to study the GST activity to 
62 
COOH 
I 
O 
II 
N H 2 - C H - C H 2 - C H 2 - C - N H 
S H - C H 2 - C H 
R-X 
Elect rophi le 
COOH 
I 
I 
C - N H - C H n - C O O H 
II ^ 
O Glutathione 
GI ut a th ione-s-transferase 
4.0 
1/ 
N H 2 - C H - C H 2 - C H 2 - C - N H 
R-S-CH^-CH 
"^.glutamate 
C - N H - C H < , - C O O H 
It L. 
O 
•>^.glutamyl t rans ferase 
NH. 
R S - C H 2 - C H 
Glycine 
C - N H - C H ^ - C O O H 
11 ^ 
O 
Cysteinyl glycinase 
4. NH2 
R - S - C H 2 - C H - C O O H 
N-ace ty l t rans fe rase 
V N H - C O - C H 3 
R S - C H 9 - C H - C O O H 
Mercap tu r i c ac id 
Fi9-4*Role of g lu ta th ione-s- t ransferase 
synthesis of mercapturic acid 
n 
63 
evaluate the neurotoxicity of methyl parathion. 
1.20.0 Monoamine oxidase (MAO) : 
MAO is a flavin-containing enzyme located on the 
outer membrane of the mitochondria (Costa and Sandler, 
1972) and one that declines in concentration in iron-defici-
ent animals. Products of this oxidation include the aldeh-
yde that corresponds to the amine substrate, along with 
hydrogen peroxide and ammonia. 
MAO catalyzes the following reaction: 
RCH2CH2NH2 + O2+ H20->RCH2CHO + H2O2 + NH^ 
Monoamines represent only a minor source of brain ammonia. 
MAO is one of the major mammalian neuronal enzymes. This 
enzyme oxidatively deaminates catecholamines to their corre-
sponding aldehydes; in turn, these can be converted by 
aldehyde dehydrogenase to analogous acids (Cooper et al., 
1978). MAO acts within the nerve fiber itself when monoami-
nes leak from the synaptic vesicles. This occurs on a 
massive scale if reserpine is used to release the stored 
amines, for this takes place intraneuronally: the free 
amine within the nerve ending can then be attacked as it 
diffuses towards the mitochondria. In the nervous system, 
the enzyme serves to oxidize some of the 5-HT, DA»and NE 
after their release into the synaptic space, thus terminat-
ing their action. Metabolism of catecholamines may be 
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initiated by the action of catechol-o-methyltransferase 
(COMT) , so that the substrates for MAO are then 3-methoxy-
tryramine and normetanephrine. 
If an animal is treated with a MAO inhibitor, the 
concentrations of many amines increase in the tissues, 
including the brain. Thus, the rate of synthesis of 5-HT 
in the brain is essentially unaffected, but because degrada-
tion of the amine is slowed, there is a net increase in 
the amount of the amine. This phenomenon also occurs with 
the catecholamines, but the increases are more modest 
because of two other factors: 
(1) catecholamine biosynthesis is regulated by the 
NE feedback inhibition of tyrosine hydroxylase (Specter, 
1968; Gotten, 1972; and Usdin et al., 1979 ; Von Brucke 
and Hornykiewiez, 1969).DA and NE are subject to the action 
of COMT, and the methylated products have less biological 
potency than do the present amines. Any change in the 
usual amine concentration will disturb their activities 
and results in convulsive seizures (Kilien and Frey, 1973). 
Hence, it is likely that OP may also influence the monoamine 
concentration in the brain and might also be acting through 
this mechanism in producing its central toxic effects. 
1.21.0 Succinic dehydrogenase (SDH) : 
SDH, the enzyme that catalyzes the oxidation of 
succinate to fumarate, is tightly bound to mitochondrial 
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inner membrane. In brain, succinate dehydrogenase may 
also have a regulatory role when the steady state is 
disturbed . 
The glucose supplied to the brain undergoes usual 
metabolic conversions and results in the production of 
energy. For this conversion in the citric acid cycle, 
SDH is known to play a prominent role. Most of the resear-
chers considered this enzyme as a parameter for oxidative 
metabolism of the organ (McLlwain and Bachelard, 1971). 
Succinate, a normal cerebral constituent is rapidly oxidised 
by the cerebral tissues with the help of SDH. In fish, 
Etroplus maculatus, it has been reported that the OP sumith-
ion inhibits SDH in brain (Vijayalakshmi, 1980). Such 
a type of inhibition is also reported by Natarajan (1982) 
in the freshwater air breathing fish, Channa Striatus. 
It has also been shown that brain mitochondrial SDH 
activity was reduced after the organophosphorus treatment 
(Sitkiewicz et al., 1977). Recently, we have reported in 
vitro and iji vivo dose-dependent inhibition of SDH in the 
brain mitochondrial fraction followihg methyl parathion 
neurotoxicosis (Khan and Hasan, .1986; Khan et al., 1987; 
Hasan and Khan, 1988; and Hasan et al . , 1989). 
It is clearly understood that the MAO and SDH are 
outer and inner marker enzymes, which are tightly 
bound to mitochon'drial membrane. In the present study 
investigations have been made on tliese parameters 
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to evaluate the toxicity of methyl parathion in mitochondria 
of the rat brain. Therefore, considering the fact that 
in different concentrations organophosphorus compounds 
act on enzymes of subcellular origin in one way or the 
other, we have carried out the present investigation with 
a view to study the neurotoxic effect of organophosphorus 
esters on mitochondrial enzymes. 
1,22.0 MaRDesium adenosinetriphosphatase (Mg -ATPase) : 
The optimal Mg concentration depends on the ATP 
concentration, and Mg appears to act on the enzyme as 
a regulator at Mg sites, as well as being part of the 
2-
substrate, MgATP . There appears to be two sites for 
2-
MgATP , one with affinity of less than 10 ym and one of 
200 to 600 \xm. For optimal hydrolysis activity, both sites 
are saturated. However, the high-affinity site alone 
appears sufficient to account for enzyme phosphorylation. 
Therefore, the low-affinity site may have a regulatory 
role. Nucleotides other than ATP can be hydrolyzed, but 
affinities for them are much lower. 
Enzyme phosphorylation is stimulated by Na in the 
presence of Mg and ATP, but without K . Several nonphysi-
ological phosphoric acid anhydrides can be hydrolyzed in 
2+ + + 
the presence of Mg and K without Na . 
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ATPase is an enzyme which catalyzes the dephosphory-
lation of ATP (adenosine triphosphate, a nucleotide as 
an important source of high energy phosphate). The ATP 
required for movement of the filaments by the side-arms 
2 2 + is considered to be utilized by (Ca + Mg ) -ATPase, an 
enzyme found in nerve (Khan and Ochs, 1974). Recently, 
2+ 2 + the association of Ca + Mg -ATPase with microtubules 
has been implicated (Ochs and Iqbal, 1980). The ATPase 
of the ectodermal constituents, neurons and neuroglia, 
is mainly activated by Mg (Naidoo,1962 and Naidoo and Pratt, 
1959). Using the Holter and Linderstrom-Lang (1951) techni-
que in the rat brain. Pope (1960 a,b) suggested that the 
Mg activated enzyme had the same distribution as the 
mitochondrial enzyme cytochrome oxidase. Additionally, Mg 
and Na -K ATPase play vital roles in the release and uptake 
of biogenic amines in central nervous system (Banks, 1965; 
Tonghner et al.,1968; and Paton et al., 1971). Rodriguez 
de Lores Arnaiz and DeRobertis (1972) considered that( Na ), 
and (K ) activated and (Mg ) ATPase enzymes were involved 
in the uptake of neurotransmitters occurring at synapses 
of the CKS. 
Though much lower than the total content, the free 
intracellular Mg concentration is similar to that in 
the extracellular fluid ( Veloso et al., 1973). 
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Earlier reports from this laboratory, Khan and Hasan 
(1986); Khan et al. (1987); Hasan and Khan (1988); and 
Hasan et al. (1989) revealed that in mitochondria-enriched 
fraction of the rat brain methyl parathion toxicity elevated 
2 + Mg -dependent ATPase activity both 'ij\ vitro' and 'jji vivo'. 
1.23.0 Two-dimensional thin-layer chromatORraphy of rat 
brain phosphatides : 
Chromatography was invented and named by the Russian 
botanist Mikhail Tswett shortly after the turn of the century 
(1906). The applications of chromatography have grown explosi-
vely in the last four decades, owing not only to the deve-
lopment of several new types of chromatographic techniques, 
but also to the growing need by scientists for better 
methods for separating complex mixtures. The tremendous 
impact of these methods on science is attested by the 1952 
Nobel prize that was awarded to Martin and Synge for their 
discoveries in this field, originally developed in 1941. 
Thin-layer chromatography (TLC), introduced recently 
into lipid research, has proven to be the quickest and 
simplest procedure for identification of various phospho-
lipids and glycolipids (Wagner, 1960; Kuhn et al., 1961; 
and Schlemmer, 1961). The trend toward widespread use of 
TLC was accelerated by the work of Stahl (19 56, 1961) 
who demonstrated its potential usefulness in lipid 
research. In an excellent review, Mangold (1961) presented 
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a detailed description of commercially available apparatus 
and several techniques used in TLC as well as applications 
of the method to lipid in general. Two-dimensional TLC 
has been applied to the separation of phosphatides from 
brain (Horrocks, 1963; Wells and Dittmer, 1965; Wells and 
Dittmer, 1966; Freeman and West 1966; Pollet et al., 1978; 
and Malgat et al., 1986) with varying degree of success. 
Tewari and Harplani (1973) have detected the organophospho-
rus methyl parathion pesticide residue in autopsy tissue by 
TLC. Also, Ganguly and Bhattacharya (1973) have estimated 
small amounts of organophosphorus, organochlorine, and 
carbamate insecticides in human biological material 
by TLC. It was observed that one-dimensional TLC did 
not separate all of the phosphatides found in a rat 
brain extract with the solvent systems used. There-
fore, several two-dimensional thin-layer chromato-
graphic systems have been developed for separation 
of phospholipids from animal and plant tissues by 
(Abdel-Latif and Chang, 1966; Gray, 1967; and Broek-
huyse, 1968). Tentative identification of the 
phosphatides was made possible by the application 
of different color-developing reagents. Further 
identification was accomplished by eluting 
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the phosphatides, hydrolyzing them, and identifying the 
hydrolytic cleavage products with standards by TLC. In 
this way, the four phosphatide spots were identified as 
phosphatidyl serine, phosphatidyl ethanolamine, phosphatidyl 
inositol, and phosphatidyl choline (lecithin). 
Schematic structural formulas (VI-IX) for some of 
the more common polar lipids are shown. The polar lipids 
are divided into two groups, phospholipids and glycolipids, 
and each group is further divided into two subgroups, glyce-
rol lipids and sphingolipids. 
To date, no previous report is available on the 
individual phospholipids in the brain following the adminis-
tration of different doses of the OP pesticide methyl para-
thion. It is therefore, appropriate to separate the differ-
ent phospholipid fractions in the rat brain by TLC after 
the i.p. injection of different concentrations of methyl 
parathion. 
1.2A.0 Quantitative analysis of phospholipids by thin-layer 
chromatography : 
1.24.1 General description : 
The quantitative determination of phospholipids 
by thin-layer chromatography consists of several steps. 
Step 1 : Separation of phospholipids by thin-layer chromato-
graphy (only chromatograms with clear-cut separations should 
be used) and positive identification of individual lipid 
spots. 
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Step 2 : Quantitative removal from chromatograms of silica 
gel with the adhering lipids and the transfer of this mate-
rial into an appropriate container. 
Step 3 : Conversion of phospholipid phosphorus into the 
form of inorganic phosphate. This can be accomplished either 
by direct digestion of phospholipids adhering to silica 
gel or after the elution of phospholipids from the silica 
gel . 
Step 4 : Identities of individual phospholipids are confir-
med by comparison with simultaneously run authentic phos-
pholipid standards. 
Step 5 : Quantitative estimation of individual phospho-
lipids is made by assaying the phosphorus content of each 
spot after perchloric acid digestion 
1 . 2 5.0 Aims and ob.jectives of the present study : 
Review of the OP pesticide methyl parathion clearly 
indicates that most of the investigations on brain focussed 
less attention to its regional heterogeneity. Since each 
region has its own function and biochemical constituents, 
it is now realised that more enlightment should come from 
the smaller divisions (Norton, 1980). Hence, in the present 
work, the rat brain has been divided into different regions 
i.e., cerebral hemisphere, cerebellum, brain stem, and 
spinal cord to study the toxic effect of methyl parathion. 
(R) 
Methyl parathion, commercially known as metacid. 
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is one of many pesticides that is of wide use in India 
as well as in other parts of the world. The works on the 
effect of methyl parathion on rat brain are meagre and 
insufficient to understand the neurotoxicity of this pesti-
cide on non-target animals such as rat. Hence, methyl para-
thion has been selected for the present study, and diacetyl-
monoxime was chosen as anticholinesterase poisoning. The 
main objectives of the present investigations are as follows-
1. To study the dose-response relationship of methyl para-
thion neurotoxicity on the undermentioned parameters. 
2. To evaluate the protective effect of diacetyImonoxime 
against methyl parathion induced changes on the AChE 
activity. 
3. To estimate the lipid profiles ( i^ otal lipids, phospho-
lipids, cholesterol, and the rate of lipid peroxidation) 
in discrete brain areas after the administration of 
methyl parathion. 
4. To evaluate the neurochemical changes in the levels 
of gangliosides and glycogen of the cerebral hemisphere, 
cerebellum, brain stem, and spinal cord following the 
(ip) injection of methyl parathion. 
5. To evaluate whether any degenerative changes occurred 
in the brain due to methyl parathion poisoning, DNA 
considered as a parameter. 
6. To find out whether mehtyl parathion has any influence 
on the protein synthesis and utilization of protein. 
Total proteins and RNA have been estimated. 
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7. To estimate the level of AChE activity in various 
regions of the rat CNS after the treatment of methyl 
parathion. Furthermore, diacetylmonoxime was used as 
protective agent against the adverse effect of methyl 
parathion . 
Brain tissue is a rich source of mitochondria which 
occurs ubiquitously in the neuron and its processes. Brain 
mitochondria have an affinity for oxygen and also react 
differently to osmolar changes both morphologically and 
biologically. They belong to a group of target organelles. 
1. To study the (ij\ vitro and iji vivo) neurochemical alte-
rations involved in the activities of GST, MAO, SDH, 
2 + 
and Mg -dependent ATPase in the rat brain mitochondrial 
fraction following different concentrations of methyl 
parathion. 
Two-dimensional TLC, introduced recently into lipid 
research, has been proved to be the quickest and simplest 
procedure for separation and identification of different 
phospholipid fractions in the brain (Rouser et al . , 1966). 
Keeping this in view, TLC has been chosen for this study. 
1, Determination of phospholipid fractions by two-dimensio-
nal TLC and to find out the effect of methyl parathion 
on the different fractions of the individual phospho-
lipids in the rat brain. 
MATERIALS 
AND 
METHODS 
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:2 . o iyiA.TE:Fti A.i_-s A.isrr> ly iETTMOos 
2.1.0 Collection and maintenance of rats : 
Male albino rats (pure Charles Foster strain), obtai-
ned from Central Animal House, Jawaharlal Nehru Medical 
College, Aligarh Muslim University, Aligarh were used in 
this study. The rats were acclimatized for 15 days 
(Behrlnger, 1973). 
1. The animal room and the cages were cleaned daily 
to keep them dust free. 
2. The size of the metal cage was 45.72 cm x 30.48 cm x 
15.24 cm in dach of which two rats were lodged. 
3. The rats were fed with food pellets prepared by Hind-
ustan Lever Ltd., Bombay and clean drinking water was 
provided ad^  libitum. 
4. Light and darkness of the animal room was maintained 
as 12 hrs. 
5. The rats showing signs of disease were removed 
immediately after identification. 
2.2.0 Pesticide, oxime, and other chemicals: 
Methyl parthion (Technical grade) was procured from 
pesticides shop, Aligarh. This pesticide is being widely 
used in a commercial form, in the trade name of "Metacid 
50 EC", Bayers India Ltd., Bombay as 50% emulsifiable conce-
ntration. Methyl parathion is chemically known as 0,0-
dlmethyl-0-(4-nitropheny1) phosphorothioate , 10% emulsifiers, 
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balance solvents. This pesticide is vastly employed in 
controlling the agricultural pests. 
2.3.0 Oxime: 
DiacetyImonoxime (Analytical grade) was obtained 
from John Baker Inc. Colorado U.S.A. This oxime is used 
in reactivating the ChE in the brain. DiacetyImonoxime 
is a nitrogenous compound which has the elemental composit-
ion as C,H^N02, mol. wt. 101.11. 
The substrates and standards used in the following 
methods were obtained from Sigma Chemical Co., St. Louis, 
Mo., U.S.A. All other general chemicals were of A.R. grade, 
purchased from BDH, England and E. Merck, Darmstadt, Germany . 
Rest of the chemicals were purchased from BDH, Glaxo and 
Sarabhai M. Chemicals (India) of A.R. grade. 
2.4.0 Experimental animals; 
One hundred and fourty-four rats, weighing 200 ± 20 g 
were used for the present investigation. They were divided 
into six groups, comprising twenty-four animals each. 
Each group was further divided into four, experimental 
and controlf consisting six animals in each group. They 
were used for the estimation of total lipids, phospholipids, 
cholesterol, lipid peroxidation, ganglioside, glycogen, 
nucleic acids (DNA and RNA), protein, and AChE activity 
in the cerebral hemisphere, cerebellum, brain stem, and 
spinal cord of rat. 
2.5.0 Drug administration; 
A freshly prepared solution in saline (0.9% NaCl 
in double distilled water IDDW) of methyl parathion and 
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diacety Imonoxime in three different doses (1 tng, 1.5 mg, 
and 2 mg/kg body wt. , and 25 mg , 50 mg, and 100 mg/kg body 
wt.) was administered intraperitoneally (ip) daily for 
7 days to each experimental rat. The control group received 
an identical volume of physiological sline (ip) concurrently 
for the same time period. 
2.6.0 Dissection of the brain parts and spinal cord; 
•niTiTTr^am^ton a single 
All animals were sacrificed by decapitation on day 
8 of the experiment after an over-night fast. Whole brains 
were immediately removed and washed with ice cold normal 
saline. Thereafter, the brains were placed over ice immedi-
ately. The brains were dissected out into cerebral hemisph-
ere, cerebellum, brain stem, and spinal cord as shown in 
Fig. 5 according to the method of McJlK££:.-_and Praf^ (1970) 
Each part was weighed to the n( 
pan electrical balance. 
2.7.0 Extraction of lipids fromXqTjscrete ,Ji/Pe^  areas; 
^ ' ^ w s r i v T u M ^ ^ 
Different parts of the brain, weighing 50-200 mg, 
were homogenized in a glass homogenizer to a final volume 
of 6 ml chloroform-methanol (2:1, v/v) according to the 
method of Folch et al. (1951), This method was partly 
modified in our Laboratory (Islam et al., 1980) for isolat-
ion of lipids from discrete areas of the brain. Each homoge-
nate was shaken periodically for an hour and filtered through 
sintered glass funnel (Fig.g ) (G-4) under vacuum. The 
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cerebral 
hemisphere 
Brain stem 
f- Spinal cord 
Fig.5 : Dissection of different parts of 
the rat CNS (McEwen and 
Praff 1970). 
F i g . 6 F i l t e r a d a p t o r and s i n t e r e d g lass funnel for t h e 
quick f i l t e r a t i o n of b r a i n l i p i d homogenate d i r e c t l y 
in 18 X 150 mm t e s t t u b e . F i l t e r a d a p t o r is connected 
to vaccum through t h e s i d e arm t u b e . 
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residue in each test tube was again homogenized with 2 ml 
chloroform-methanol and filtered. The test tubes were 
rinsed with fresh chloroform-methanol (2:1) and again filte-
red. The final volume of each extract was made up to 10 ml 
with fresh chloroform-methanol mixture. Thereafter, 2.5 ml 
of saline solution was added to the extract in each test 
tube (4:1, v/v). This was shaken vigorously on test tube 
mixer for the complete mixing and placed at -20°C in a 
deep freeze overnight for complete separation of the two 
layers. The junction of the layers of each test tube was 
marked, the upper layer was used for the estimation of 
gan^iosides and desired amount of the lower layer of each 
test tube was collected in stoppered tubes with the help 
of a syringe (Fig.7) and stored at -20''C until final 
use. The test tubes in which the two layers were separated 
were dried and the volume of the lower layer of each test 
tube was measured. The extract was used for the estimation 
of Total lipids, Phospholipids, and Cholesterol. 
2.8.0 Estimation of total lipids; 
Total lipids were estimated according to the method 
of Woodman and Price (1972) as follows : 
2.8.1 Reagents: 
i) Standard solution: 
Standard solution of 0.5 mg•brain lipids/ml chloro-
form-methanol (2:1) was prepared by diluting 1 ml 
= : It 
rt i 
i 
S^.i 
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refrigerated stock solution (50 mg brain/10 ml, 
chloroform-methanol 2:1) in a 10 ml standard flask 
and made up the volume to 10 ml with chloroform-
methanol mixture (2:1). 
ii) Concentrated sulphuric acid (H^SO.) A.R. 
iii) ColourinR reagent : 
6 g potassium dihydrogen orthophosphate (KH„PO,) 
and 0.39 g vanillin (BDH, Glaxo) were dissolved 
by heating in 100 ml volumetric flask 
and volume was made upto 100 ml with DDW. 
iV) Brain Lipids: 
Lipids were isolated from the rat brain by the techn-
ique as described in the extraction of brain lipids. 
The extract was dried by vacuum rotatory evaporator 
at A0°C and dried lipids were stored at 0-20°C. 
2.8.2 Procedure: 
0.05 ml of duplicate brain extract and a duplicate . 
set of standard with 50 to 500 yg of brain lipids were 
taken to dryness in 18 x 150 mm corning test tubes. To 
this was added 2.5 ml concentrated H„S0, and heated in 
2 4 
boiling water bath for 20 min. After cooling 5 ml colouring 
reagent was added and absorption was read at 530 nm exactly 
after 10 min against a reagent blank. The values of the 
standard curve were plotted by least square method.The total 
lipids values were calculated in mg/g fresh tissue. 
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2.8.3 Calculation 
Total lipids (mg/g fresh weight) = „^ ^ ^ 
V C X W t 
where, C = Concentration of lipids in ug in 0.05 ml brain 
extract (Volume taken into estimation). 
V = Total volume of the lower layer. 
Vt = Volume taken for the estimation. 
Wt = Fresh weight of the tissue in mg. 
The above formula was used for calculating the conce-
ntration of total lipids, phosphate,and cholesterol. 
2.9.0 Estimation of phosphate: 
Phosphate was estimated by the well known method 
of Fiske and Subbarow (1925) as described byMarinetti (1962) 
by utilising following procedure : 
2.9.1 Reagents; 
i) Standard solution: 
A standard of 0.01 mg inorganic phosphate/ml was 
prepared by the dilution of 5 ml of refrigerated 
stock solution (0.439 g KH2P0^/500 ml DDW) in a 
100 ml volumetric flask with DDW. 
ii) Ammonium molybdate solution 2.5% was prepared by 
heating in a boiling water bath, 
iii) Perchloric acid 70% A.R. 
iv) Reducing reagent: 
Sodium metabisulphite (Na2S203) 2.85 g, sodium sulphite 
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(Na^ SO^ ) 0.6 g (Sigma, U.S.A.), and recrysta] lized 1-amino-
2-naphthol-4-sulfonic acid (ANSA)0.05 g were dissolv-
ed in 25 ml DDW. A slightly yellow solution thus 
obtained was stored in amber coloured bottle. The 
colour is stable for a week at room temperature. 
V) RecrystaBization of ANSA: 
Sodium metabisulphite 15 g, sodium sulphite (anhydr-
ous) 1 g and crude ANSA 1.5 g were dissolved in 
100 ml boiling DDW. Hot solution was filtered 
through the filter paper. 1 ml concentrated HCI 
was added to this filtrate and stirred. The precipit-
ate was filtered through the suction pump and washed 
with about 30 ml DDW and finally with alcohol till 
washing is colourless. This purified ANSA is dried 
in even at 100°C for 1 hour with least possible 
exposure to light. This was transferred to an amber 
coloured bottle, 
2.9.2 Procedure; 
Duplicate lipid extracts of 0.2 ml were placed in 
18 X 150 mm corning tes"t tube and all the solvent was 
removed by heating on a boiling water bath. 1 ml of analy-
tical grade 70% perchloric acid was added to the samples 
and heated on a digester for 30 min or until the samples 
become clear. After complete digestion, they were cooled 
at room temperature. Thereafter, 1.5 ml ammonium molybdate, 
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0.2 ml reducing reagent (ANSA), and 7 ml DDW were added. 
The tubes were heated on boiling water bath for 7 min. 
The colour intensity was read at '^ OO nm after 30 min. A 
calibration curve was drawn with 1 yg to 8 ug of phosphorus 
with the addition of 1 ml perchloric acid and blank was 
prepared with 1 ml perchloric acid alone. It is not 
necessary to dry or digest the blank. The same procedure 
was adapted as described above and the value of the calibra-
tion curve were plotted by the least square method. The 
absorption is a linear function of the phosphorus content 
and the amount of unknown samples can be calculated by 
direct proportion with the absorbance obtained for the 
standard. The amount of phospholipid was calculated by 
multiplying with a factor 25. 
2.10.0 Estimation of cholesterol; 
Cholesterol was determined by Lieberman Burchard 
reaction as described by Bloor et al. (1922) as follows: 
2.10.1 Reagents; 
i) Standard solution: 
Cholesterol standard of 1 mg/ml in chloroform was 
prepared by diluting 1 ml refrigerated stock solut-
ion of recr y stallized cholesterol (100 mg/10 ml) 
in a 10 ml standard flask and made up the volume 
to 10 ml with analytical grade chloroform. 
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ii) Colouring reagent : 
Analytical grade acetic anhydride 50 ml was placed 
in deep freeze for an hour and 5 ml concentrated 
analytical grade sulphuric acid was added dropwise 
with stirring. It was allowed to stand an additional 
10 min at room temperature before use. This reagent 
was prepared fresh each time. 
2.10.2 Procedure: 
Brain extracts of 0.5 ml were taken in 15 x 125 mm 
screw capped culture tube. To this 4.5 ml analytical grade 
chloroform and 1 ml of colouring reagent was added and 
mixed. The tubes were kept in the dark at 25°C for 30 
min. The colour intensity was read at 660 nm against a 
reagent blank. A calibration curve with different concentr-
ations of cholesterol (100-800 ug) was drawn according 
to the same procedure as described above. The values were 
plotted by the least square method and concentration of 
the cholesterol was calculated as in the case of total 
lipids. 
2.11.0 Determination of lipid peroxidation; 
The amount of malond i aldehyde formed/30 min dur-
ing lipid peroxidation was estimated according to the method 
of Utely et al. (1967) as described below : 
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malondialdehyde formed per 30 min using extinction 
coefficient 1.56 x 10 as decribed by Utely et al. (1967). 
2.11.3 Calculation 
Lipid peroxidation was calculated using the following 
formula: 
Where, X = nanomoles of malondialdehyde formed/30 min. 
O.D.= Change of optical density at zero hour and 
3 hour incubation of the same samples. 
O.D. X 30 X 1000 X 1000 x 1000 x 3 x 2 
X = 
X = 
1 .56 X 100000 X 1000 x 180 
O.D. X 10 
1.56 
2.12.0 Estimation of Rangliosides; 
Gangliosides were estimated according to the method 
of Pollet et al. (1978) essentially as follows : 
2.12.1 Reagents; 
i) Standard solution: 
A standard solution of 100 ug N-acetyl neuraminic 
acid (Sigma Chemical Co., U.S.A.)/ml DDW was made 
by diluting 1 ml of the refrigerated stock solution 
( 10 mg N-acetyl neuraminic acid/10 ml DDW) to 
the final volume of the 10 ml with DDW. 
ii) Resorcinol reagent: 
This reagent consists of 10 ml of 3% recorcinol 
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solution in DDW, 80 ml of concentrated HCl, 0.25 ml 
of 0.1 M copper sulfate and DDW upto 100 ml. 
2.12.2 Procedure 
To 2 ml of the upper layer of the lipid extract 
in test tubes, 2 ml of resorcinol reagent was added . The 
test tubes were heated in boiling water bath for 30 min. 
After cooling 5 ml of a mixture of butyl acetate-n-butanol 
(85:15 , v/v) was added to each tube. Tubes were shaken 
thoroughly and stood for 15 min to separate the organic 
phase. About 3 to 4 ml of the organic phase was taken 
and absorbance was measured at 580 nm against reagent blank. 
A standard curve with different concentration of N-acetyl 
neuraminic acid (5-30 yg) having 2 ml final volume of DDW 
was prepared by treating similarly. 
2.12.3 Calculation 
Gangliosides (mg/g fresh wt.) 
C X V 
Vt X Wt 
Where, C = Concentration in Ug in 2 ml extract-
V = Total volume of the upper layer-
Vt = Volume taken for the estimation. 
Wt = Fresh weight of the tissue in mg. 
2.13.0 Glycogen: 
Glycogen was extracted according to the method of 
LeBaron (1955) and estimated colorimetrically as described 
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by Montgomery ( 1 9 5 7 ) . 
2.13.1 Reagents : 
i) 80% phenol 
ii) Concentrated H„SO, 
iii) Standard solution : 
0.1 mg/ml of glycogen (Sigma, U.S.A.)(5 mg of glycogen 
was dissolved in 50 ml DDW. 
2.13.2 Procedure: 
i) Extraction: 
A known quantity of different brain parts, (weighing 
50-200 mg), homogenized in 5 ml of 5% freshly prepared 
TCA and centrifuged at 3,000 rpm for 10 min. Clear superna-
tant was taken and made upto a concentration of 70% with 
the help of 96% ethanol. It was centrifuged again at 
3,000 rpm for 10 min- The supernatant was removed and 
the residue was dissolved in DDW. It was transferred to 
5 ml volumetric flask and finally made upto 5 ml with the 
help of DDW. 
ii) Estimation : 
0.2 ml of 80% phenol was added to 2 ml of aliquot 
and stirred well, and 5 ml of concentrated H^SO, was added. 
The mixture was mixed well and allowed to stand for 30 
min at room temperature. The colour intensity was read 
at 490 nm, A calibration curve with different concentrat-
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ions of glycogen (10-60 Mg) was drawn according to the 
same procedure as described above. The values were plotted 
by the least square method and expressed as mg/100 g tissue. 
2.1A.0 Isolation of nucleic acids: 
Nucleic acids were isolated following the method 
of Searchy and Maclnnis (1970). Weighed tissue of the 
different brain regions were homogenized in 5 ml of 0.5 N 
perchloric acid . The homogenates were heated at 90°C in 
boiling water bath for 10 min , cooled and centrifuged 
at 3,000 rpm for 10 min. Supernatants were taken in the 
graduated test tubes and the volume was maintained upto 
5 ml with 0.5 N perchloric acid.. This extract was used 
in the estimation of DNA and RNA. 
2.15.0 Estimation of DNA; 
DNA was estimated following the method of Burton 
(1956), 
2.15.1 Reagent's; 
i) Standard solution: 
5 mg of standard DNA (Sigma, U.S.A.) was dissolved 
in 5 ml of 0.5 N perchloric acid. 
ii) Diphenylamine reagent: 
1.5 g diphenylamine was dissolved in about 50 - 60 ml 
glacial acetic acid. 1.5 ml cone. H„S0, was added 
2 4 
to it and the final volume was maintained upto 
100 ml with glacial acetic acid. 
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2.15,2 Procedure: 
2 ml of the supernatant of nucleic acid extract 
was taken in a test tube. To this, 4 ml d ipheny lamine 
reagient was added , and the tubes were heated on boiling 
water bath of 15 min. After cooling, the colour intensity 
was measured at 600 nm against a reagent blank. 
2.16.0 Estimation of RNA; 
RNA was estimated by the method of Dische (1955). 
2.16.1 Reagents; 
i) Standard solution : 
5 mg of standard RNA (Sigma, U.S.A.) was dissolved 
in 5 ml of 0.5 N perchloric acid, 
i i) Orcinol reagent : 
33 mg ferric chloride was dissolved in about 50 ml 
cone. HCl. 3.5 ml 6% orcinol (dissolved in absolute 
alcohol) was mixed with it, and the volume was made 
upto 100 ml with HCl. 
2.16.2 Procedure: 
2 ml of the supernatant was taken in test tubes. 
4 ml of the orcinol reagent was added to it. Test tubes 
were heated on boiling water bath for 15 min , cooled and 
the absorbance was read at 660 nm against a reagent blank. 
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A calibration curve with the different concentrations 
of DNA and RNA (100-600 yg) was drawn according to the same 
procedure as described above. The values were plotted by 
the least square method. Both DNA and RNA values were 
expressed as mg/g fresh tissue. 
2.17.0 Estimation of protein : 
Protein was estimated following the well known method 
of Lowry et al. (1951). 
2.17.1 Reagents: 
i) Standard solution; 
5 mg of bovine serum albumin (BSA) (Sigma Chemical 
Co., U.S.A.), was dissolved in 5 ml of 1 N sodium 
hydroxide (NaOH). 
ii) Copper reagent: 
Solution A: 
2% sodium carbonate in 0.1 N NaOH 
Solution B: 
0.5% copper sulphate in 1% sodium potassium tartrate. 
Copper reagent was prepared by mixing 98 ml of 
solution A with 2 ml of solution B before use . 
iii) 1 N NaOH 
iv) 1 N Folin phenol ciocaltau reagent (BDH, Glaxo). 
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2.17.2 Procedure : 
The cleaned and weighed tissues were homogenized in 80% ethanol 
(10 mg/ml) and centrifuged for 5 min at 2,500 rpm. The supernatant was 
discarded and the residue was dissolved in known volume of IN NaOH. 
To 0.5 ml of sample, 5 ml of alkaline copper reagent was added. After 
10 min 0.5 ml of 1 N Folin phenol reagent was added. Blank with 0.5 ml 
of 1 N NaOH and standard with 0.5 ml (0.5 mg) of BSA were prepared as 
that of sample simultaneously. After 30 min of reaction, the O.D. was 
measured at 750 nm in DU-6 spectrophotometer. A standard curve of diff-
erent concentrations of BSA (100-600 pg) was plotted in the same way 
as described above. The values of the standard curve were drawn by 
the least square method. The protein values were expressed as mg/g 
fresh tissue. 
2.18.0 Acetylcholinesterase: 
The activity of acetylcholinesterase was estimated 
following the procedure of Ellman et al. (1961). 
The principle of this method is the measurement 
of the rate of production of thiocholine as acetylthiochol-
ine is hydrolysed. This is accompanied by the continuous 
reaction of the thiol with 5-5-dithiobis-2-nitrobenzoate 
ion to produce the yellow anion of 5-thio-2-nltro benzoic 
acid. The rate of colour production is measured spectropho-
tometrically. 
2.18.1 Reafients; 
i) 0.1 M Phosphate buffer (pll 8.0) 
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ii) Dithiobis nitrobenzoic acid (DTNB) reagent: 39.6 nig 
of DTNB was dissolved in 10 ml of 0.1 M phosphate 
buffer (pH 7.0) and 15 mg of sodium bicarbonate 
was added. 
iii) Substrate : 0.075 M AcetyIthiocholine iodide (Sigma 
Chemical , U.S.A.) in DDW. 
-4 
iv) Inhibitor : 10 M Eserine sulphate in 0.1 M phosph-
ate buffer (pH 8.0). 
2.18.2 Procedure: 
Saline cleaned, weighed tissues were homogenized 
in 0.1 M phosphate buffer (pH 8.0) at concentration of 
10 mg/ml and centrifuged at 1,500 rpm for 5 min . 0.4 ml 
of supernatant was pipetted in a cuvette containing 2.6 ml 
of 0.1 M phosphate buffer (pH 8.0). To this cuvette 0.1 
ml of DTNB reagent was added and mixed well. The cuvette 
was placed in spectronic-21 (Bausch and Lomb) and the absor-
bance at 412 nm of the suspension was set at zero. 0.02 ml 
of substrate was added and the changes in the absorbance 
were recorded from 5 to 10 min at the interval of 
one min . To determine non-specific esterases 0.1 ml 
-4 
of eserine sulphate (10 M), specific inhibitor for AChE, 
was added to another cuvette containing 0.4 ml of homogenate, 
2.5 ml of 0.1 M phosphate buffer (pH 8.0) and 0.1 ml of 
DTNB reagent. The changes in the absorbance after adding 
0.02 ml of substrate was recorded as discribed earlier. 
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The rate of change of activity of the suspension with 
eserine was substracted from that of the suspension without 
eserine. The enzyme activity was expressed as u moles 
of substrate hydrolysed/g tissue/min. 
2.18.3 Calculation: 
The rate of enzyme activity was calculated as follows: 
R = 
1 
1.36(10 ) (400/3120)Co 
-4 A 
= 5.74 (10 ) 
Co 
Where, R = Rate of enzyme activity in moles of substrate 
hydrolysed /g tissue/min 
A = Change in absorbance per min 
Co = Original concentration of tissue (mg/ml) 
2.19.0 Mitochondrial enzymes; 
2.19.1 Experimental animals; 
Twenty-four rats, weighing 150 ± 20 g were divided 
into 4 groups of 6 each. They were utilized for the deter-
2 + 
mination of GST, MAO, SDH, and Mg -dependent ATPase acti-
vities in the rat brain mitochondrial fraction both ijl 
vitro and in vivo. 
2.20.0 Drug administration: 
2.20.1 In vitro study 
The incubation mixture containing mitochondrial 
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fraction of rat brain as the source of the enzyme (1 mg 
protein/ml) was incubated with the drug methyl parathion 
at three different concentrations viz., O.A Ug, 0.6 Vg, 
and 0.8 u g/incubation mixture at 37°C for 10 min. The 
control system was contained DDW instead of drug. The 
reaction was initiated by the addition of substrate. 
2.20.2 In vivo study: 
A freshly prepared solution of methyl parathion 
in three different doses (1 mg, 1.5 mg, and 2 mg/kg body 
wt.), was injected (ip) daily for 7 days to each experimen-
tal rat. The control group received an equal volume of 
physiological saline concurrently. 
2.21.0 Preparation of brain post-mitochondrial fraction; 
Brains were immediately removed from decapitated 
animals and washed with chilled normal saline (0.9% NaCl 
in DDW) to remove blood clots. The tissues were homogenized 
in 4 volumes of 0.1 M phosphate buffer (pH 7.4) containing 
0.15 M KCl, in a motor driven glass Potter-Elvehjem type 
homogenizer equipped with a Teflon Pestle. The brain homo-
genates were centrifuged at 14,000 x g and 9,000 x g for 
15 min respectively to obtain post-mitochondrial fract-
ions which were used for the measurement of glutathione-
s-transferase activity. 
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2.22.0 Preparation of brain mitochondria: 
Rats were sacrificed by cervical dislocation. Brain 
was excised from the skull, washed with chilled 0.15 M 
NaCl to remove contaminating blood cells, Finally, the 
whole brain (Fig.8) was homogenized in ice cold 0.44 M sucr-
ose ( BDH, England ) using seven up and down strokes in 
a glass homogenizer fitted with a motor driven Teflon Pestle. 
The procedure used for the separation of mitochondria from 
brain was an adaptation of the method of Lovtrup and zelan-
der (1962) and is depicted in Fig. 9. All operations 
were carried out at 0-4°C. 
2.23.0 Glutathione-S-transferase (E.G. 2.5.1.18); 
The activity of glutathione-S-transferase was estima-
ted in post-mitochondrial supernatant by the method of 
Habig et al. (1974) using l-chloro-2, 4-dinitrobenzene 
(CDNB) as the substrate(Sigma, U.S.A.). 
2.23.1 Reagents; 
i) 0.2 M phosphate buffer (pH 6.5) was prepared in 
100 ml DDW and 30 mg of glutathione (Sigma, U.S.A.) 
was added (addition was performed before use), 
ii) Substrate: 1 mM CDNB was prepared in 30 mg/ml in 
extra pure acetone (freshly prepared at the time 
of use). 
FiB. Pho tograph showing d i s s e c t e d r a t b r a i n ( d o r s a l v iew) , 
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^ 
PeUets 
discarded 
I Pellets 
10% Brain Homogenate 
Centrifuged at 2,100 X g 
for 15 min. 
1 Supernatant 
i 
Centrifuged at 14,000 X g 
for 15 min. 
Pellets rtat 
Washed with 
homogenising medium 
and centrifuged at 
14,000 X g for 15 min. 
Supernatant 
discarded 
Supe n tant 
(Post mitochondrial 
supernatant d i s c a r d e d ) 
Washed with homogenising 
medium and centrifuged at 
7,000 X g for 15 min. 
Pellets Supeniatant 
discarded 
washed with homogenising 
medium and centrifuged at 
7,000 X g for 15 min. 
Pellets 
(Pure mitochondria) 
Suspended in homogenising 
medium . 
Supernatant 
discarded 
Fig. 9 : Isolation of mitochondria from brain homogenate. 
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2.23.2 Procedure: 
The cuvettes in a final volume of 3 ml contained 
2.88 ml of freshly prepared (0.2 M phosphate buffer (pH 6.5) 
and glutathione), 0.02 ml of 1 mM CDNB, and 0.1 ml of 
aliquot of enzyme. The change in absorbance at 340 nm 
was recorded at . room temperature against blank containing 
all the reactants except the enzyme. Specific activity 
was expressed as n moles CDNB conjugate formed/min/mg 
protein . 
2.24.0 Monoamine oxidase (E.G. 1.4.3.4): 
Monoamine oxidase was used as a marker enzyme for 
mitochondrial outer membrane. The activity of MAO was 
determined following spectrophotometrie procedure of Tabor 
et al. (1953). 
The benzylamine undergoes oxidative deamination 
in the presence of MAO and benzaldehyde is formed. 
2.24.1 Reagents: 
i) 0.5 M phosphate buffer (pH 7.2) 
ii) 10% Perchloric acid (PCA) A.R. 
iii) Substrate: 0.1 M benzylamine hydrochloride (Sigma,U.S.A.) 
2.24.2 Procedure: 
The reaction mixture in a final volume of 2 ml consi-
sted of 0.4 ml of 0.5 M phosphate buffer (pH 7.2), 0.1 ml of 
1 02 
0.1 M benzylamine hydrochloride and 0.2 ml of mitochondrial 
fraction of brain. The reaction mixture was incubated 
at 37°C for 30 min. The reaction was stopped by adding 
1 ml of 10% PCA. The proteins were precipitated by centri-
fugation at 2,500 rpm for 10 min. The optical density 
(O.D) of benzaldehyde formed was read in the supernatant 
at 250 nm against the blank treated similar to samples 
containing 0.2 ml of 0.A4 M sucrose that replaces the sample 
The enzyme activity was expressed as n moles benzaldehyde 
formed/min/mg protein. 
2.25.0 Succinic dehydrogenase (E.G. 1.3.99.1): 
Succinic dehydrogenase, a marker enzyme for mitochon-
drial inner membrane was assayed according to the method 
of Slater and Bonner (1952). 
2.25.1 Reagents; 
i ^ 0 . 5 M p h o s p h a t e b u f f e r (pH 7 . 2 ) 
i i ) 0 . 0 1 M P o t a s s i u m f e r r i c y a n i d e ( K „ F e ( C N ) , ) ,^. 
' ^ 3 6 (Sigma, 
i i i ) 0 . 1 M Potassium cyanide (KCN, pH 7.2) U.S.A.) 
i v ) 5% TCA 
v ) S u b s t r a t e : 0 . 1 M sod ium s u c c i n a t e ( B D H , E n g l a n d ) 
2.25.2 Procedure: 
The reaction mixture in a total volume of 2 ml consi-
sted of 0.4 ml of 0.5 M phosphate buffer (pH 7.2), 0.4 ml of 
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0.01 M K^FeCCN)^, 0.2 ml of 0.1 M KCN (pH 7,2), and 0.2 ml 
of mitochondrial fraction of brain. The reaction was star-
ted with 0.1 ml of 0.1 M sodium succinate and incubated 
for 15 min at 37°C. The reaction was arrested with 4 ml 
of 5% TCA. The tubes were kept in cold for 15 min, and centri-
fuged at 1,500 x g for 15 min. The clear supernatant was 
read at 420 nm. The activity was expressed as n moles 
of K„Fe (CN)^ reduced/min/mg protein using an extinction 
3 
coefficient of 1.03 x 10 /cm/mole for K-Fe (CN)^. 
2 + 2.26.0 MaRnesium-dependent adenosinetriphosphatase (MR 
dependent ATPase) (E.G. 3.6.1.3); 
Activity of Mg -dependent ATPase in the brain mito-
chondrial fraction was measured according to the procedure 
of Fritz and Hamrick (1966). 
Inorganic phosphorus was determined after the incuba-
tion of enzyme and substrate where the phosphorus released 
from ATPase is directly related to the enzyme activity 
(Marihetti, 1962), 
2.26.1 Reagents: 
i) 135 mM imidazole-HCl buffer (pH 7.2)(sign,a^ U.S.A.) 
ii) 5 mM MgCl2.6H20 
iii) 100 mM NaCl 
iv) 20 mM KCl 
v) 5 mM Adenosine-5-triphosphate (ATP) (Sigma, U.S.A.) 
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vi) 1 mM Ouabain (Sigma, U.S.A.) 
vii) 10% TCA 
viii) 2.5% Ammonium molybdate 
ix) 10 N H2S0^ 
x) Reducing reagent (ANSA) 
2.26.2 Procedure: 
A 2 ml reaction mixture employed for the enzyme 
assay consisted of 0.5 ml of 135 mM imida zole-HCl buffer 
(pH 7.A), 0.1 ml of 10 mM NaCl, 0.1 ml of 20 mM KCl, 0.1 ml 
of 5 mM MgCl^, and 0.1 ml of brain mitochondrial fraction. 
Mg -dependent ATPase activity was measured using 0.05 ml of 
1 mM ouabain in the reaction mixture, the latter being 
a specific inhibitor of Na -K ATPase (Mcllwain, 1963). 
The reaction was initiated by the addition of 0.05 ml of 
5 mM ATP that had been prepared from the disodium salt 
and incubated in a metabolic shaker bath for 15 tnin 
at 37°C. The reaction was terminated by addition of 1 
ml of 10% ice-cold TCA. The tubes were immediately trans-
ferred to an ice bath for a period of 20 min , centrifug-
ed at 3,000 rpm for 10 min , then returned to ice bath. 
Clear supernatant (1 ml) was drawn off from each of these 
tubes and mixed with 1 ml of 2.5% ammonium molybdate, 0.5 ml 
of 10 N H2SO,, and 0.2 ml reducing reagent (ANSA) and final 
volume made upto 7 ml with DDW. The tubes were heated in 
boiling water bath for 7 min . The intensity of the 
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blue colour developed was read after 30 min at 700 nm on 
DU-6 spectrophotometer. The specific activity was expressed 
as n moles Pi liberated/min/mg protein. 
2.27.0 Two-dimentional thin-layer chromatoRraphy: 
2.27.1 Experimental animals: 
Twenty-four rats, weighing 200 ± 20 g were divided 
into 4 groups of 6 each. All the animals were used for 
the determination and identification of different fractions 
of phospholipid (phosphatidyl serine, phosphatidyl ethanola-
mine, phosphatidyl inositol, and phosphatidyl choline) 
in the rat brain by two-dimensional TLC. 
2.28.0 Drug administration: 
Solution of methyl parathion in three different 
doses (1 mg, 1.5 mg, and 2 mg/kg body wt.), was injected 
(ip) daily for 7 days to each experimental rat. The control 
group received an equal volume of physiological saline 
concurrently . 
2.29.0 Quantitative and qualitative analysis of lipids and 
lipid components in the rat brain: 
Multiple two-dimensional thin-layer chromatography 
was applied for the qualitative microanalysis of polar 
lipids according to the method of Pollet et al. (1978) 
and quantitative estimation of individual phospholipids 
by phosphorus (?) analysis of spots was determined by the method 
of Dawson (1960). Most of the methods used were standard, 
witli slight modifications. 
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2.29.1 Reagents: 
i ) Standards: 
Authentic phospholipid standards were obtained from 
(Sigma Chemical Co., St. Louis, MO., U.S.A.). 
ii) Reagent grade chloroform was distilled and a volume 
of absolute ethanol, equivalent to O.A% of the chloro-
form volume, was added to retard decomposition, 
iii ) Methanol: 
Redistilled reagent grade methanol was used 
iv) Nitrogen: 
Pure nitrogen (99.99%) 
2.29.2 Silica Gel G; 
Silica Gel G was obtained from (Merck, Darmstadt, 
Germany) 
2.29.3 Developing Solvents for two-dimensional TLC; 
i) Solvent I : Chloroform - methanol - water 
( 70 : 30 : A, v/v/v ). 
ii) Solvent II : Chloroform - methanol (2:8, v/v). 
iii) Solvent III : Chloroform - methanol (2:1, v/v). 
2.29.A Detection reagents for phospholipid spots: 
i) Iodine vapor (I-j) was used for visualization of 
the different phospholipid fractions. Dry plates were 
exposed for about 1 min in a closed glass jar containing 
iodine vapor produced from iodine crystals. 
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ii) Spray Rhodamine B, 0.03% in 95% ethanol was used 
as a universal spray reagent. Spots were detected under 
ultraviolet light. 
2.29.5 Preparation of TLC plates; 
The plates were washed thoroughly with tap water, 
rinsed several times with distilled water, and dried in 
the oven. Silica gel containing CaSO, (silica Gel G, Merck, 
Darmstadt, Germany) was prepared according to Stahl's techn-
ique (1961). The preparative TLC plates were prepared 
by making a slurry of 30 g of silica Gel G with 40 ml of 
distilled water, with constant stirring until the slurry 
had a uniform consistency and was free of air bubbles. 
An additional 20 ml of distilled water was then added with 
further stirring. At once, the slurry was placed into 
a Desaga applicator adjusted for 0.25 mm layer thickness 
for even distribution over the 20 x 20 cm glass plate and 
allowed to air dry at room temperature. The plates were 
then activated for 1 hr at 120°C and cooled at room 
temperature . 
2.29.6 Preparation of chromatographic chambers: 
The solvent systems for two - dimensional TLC were 
consisted of solvent I: Chloroform - methanol - water 
( 70 : 30 : 4, v/v/v ), solvent II : chloroform - methanol 
(2:8, v/v), and solvent III: chloroform- methanol (2:1,v/v)-
Approximately 300 ml of each solvent I, II, and III were 
kept in rectangular chromatographic chamber I, II, and 
III of the following dimensions (length, 30 cm, height. 
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28 cm, and width, 10 cm), respectively. The chamber I, II, 
and III was then lined completely on three sides with What-
man No.3 chromatographic paper (3 MM thickness), and allowed 
to equilibrate for at least 1 hr until the solvent I, II, 
and III have run the entire hight of the chromatographic 
paper . 
2.29.7 Extraction of lipids: 
Lipids were extracted from the rat brain (Fig. Q ) 
with chloroform-methanol (2:1, v/v) following the method 
of Folch et al. (1951) as reported by Islam et al . (1980). 
Fresh brain, weighing 1 g, was homogenized in a glass 
homogenizer with 10 ml chloroform-methanol (2:1, v/v). 
Each homogenate was shaken periodically for an hour and 
filtered through sintered glass funnel (G-4) under vaccum 
(Fig. 6 ). The residue of each test tube was again homogen-
ized with 5 ml of chloroform-methanol (2:1, v/v) and filter-
ed. The test tubes were rinsed with fresh chloroform-metha-
nol (2:1, v/v) and again filtered. The final volume of 
each extract was made up to 20 ml (20 ml/g) with above 
mixture of chloroform-methanol (2:1, v/v). After that, 
5 ml of normal saline solution (0.9% NaCl) was added to 
each extract (4:1, v/v). Each test tube was shaken vigorou-
sly in test tube mixer and placed at -20°C overnight for 
complete separation of the two layers (upper and lower). 
The lower layer (major brain lipids minus gangliosides) 
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of each sample was collected in separate stoppered tubes 
with the help of syringe (Fig. 7 ) and stored at -20°C 
until final use. 
The collected lower lipid extract was washed three 
times with 50 mM KCl (10:1, v/v) by separating funnel to 
remove all the mixed methanol. The final chloroform layer 
was dried under a stream of nitrogen to determine the weight 
of the total lipid extract.dissolved in known volume of chloroform-
2.29.8 Separation of "polar lipids" from the total lipid 
extract; 
The neutral and polar lipids from the total lipids 
extracted from the rat brain with chloroform-methanol (2:1, 
v/v) followed by Folch washing, were separated by TLC 
following the procedure of Rooney et al . (1975). 
Developing chamber was lined on three sides with 
Whatman 3 MM (No. 3) filter paper, which had been dried 
in the oven for 5 min at 120°C. The developing solvent 
acetone-benzene (4:6, v/v) (300 ml) was allowed to equilib-
rate in the chamber for 1 hr before chromatography was 
carried out. The total lipid extracts were applied by micropi-
pette as a series of small spots close to each other about 
3 cm from the lower edge of the chromatoplate (the "origin") 
The plate was placed in a chromatography chamber filled 
with developing solvent and allowed to rise to a height 
of about 15 cm above the solvent level (in the "ascending" 
1 10 
order). The neutral lipids moved along with the solvent 
front while polar lipids remained at the origin. 
The plate was then dried at room temperature and was 
exposed to iodine vapor in a closed glass jar. After a 
short time period the dark yellow bands on a white background 
of neutral and polar lipids were clearly visualized. The 
plate was removed and the areas of the band marked with 
sharp needle. After the iodine had evaporated, the bands 
of polar lipids were scrapped off the chromatogram, and 
collected into centrifuge tubes. 2 ml of chloroform-methanol 
(2:1, v/v) was added to each tube. The mixture was then 
agitated, centrifuged at 3,000 rpm for 10 min , and 
the supernatant fluid decanted into another tube (Skidmore 
and Entenman, 1962). The lipids were extracted two more 
times from the thin-layer residue to remove all the traces 
of polar lipids. All the supernatants were combined, and 
the final valume made upto 6 ml with chlorof orm-methanol 
(2:1, v/v). The extracts were evaporated under a stream 
of nitrogen at room temperature, and redissolved in an 
oqual volume of chloroform, analysed for total phosphorus and 
stored at -20°C until required. 
2.29.9 Separation of individual phospholipids: 
Polar lipid sample containing 500 jig of lipid P was spotted by sharp 
micropipette about 3 cm from the bottom edge of left corner 
of the plate. The plate was allowed to air dry for 
2 min , and was then placed as vertically as possible 
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in the development chamber I consisting of solvent I, 
chloroform-methanol-water (70 : 30 : 4, v/v/v) and allowed 
to run in the ascending direction from the bottom to the. 
top of the chromatoplate. Thereafter, the chromatoplate 
was rotated counterclockwise 90 degrees and placed in the 
development chamber II containing the solvent system II, 
chloroform-methanol (2:8, v/v), the solvent was allowed 
to run 2/3 the distance of the plate. In the same direction 
the plate was then developed in the development chamber 
III containing the solvent system III, chloroform-methanol 
(2:1, v/v) from the bottom to the top of the plate. Finally 
the plate was rotated clockwise back to its original posit-
ion and developed in chloroform-methanol (2:1, v/v) in 
the same development chamber III. The chromatoplate was 
dried for 30 min at room temperature between each 
development. 
The phospholipid spots were located by placing the 
developed plate face down in a horizontal position in an 
iodine atmosphere in the closed glass jar. After dark yellow 
spots on a white background were observed, the plate was 
removed from the iodine jar as quickly as possible and 
the areas of the spot were encircled with sharp needle. 
Phosphatidyl serine, phosphatidyl ethanolamine, phosph-
atidyl inositol, and phosphatidyl choline were identified 
on the basis of comparison of their mobilities. The position 
of the different phospholipid fractions were characterized 
by comparison with authentic phospholipid standards run in 
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parallel and by spraying with Rhodaminc B. After complete 
sublimation of the iodine from the' plate, the areas of 
silica representing the individual phospholipids were 
scraped into tubes for quantification. 
These phospholipids were further extracted from 
the same silica gel 4 times with 6 ml of chloroform-methanol 
(2:1). The extracts were centrifuged at 3,000 rpm for 
10 min , and the supernatant decanted in another tube 
(Skidmore and Entenman, 1962). The aliquots were evaporated 
under a stream of nitrogen at room temperature. Extraction 
was done at room temperature and all operations were perfor-
med as much as possible under an atmosphere of pure nitrogen 
to mijiimize air oxidation. 
2.30.0 Quantitative estimation of phosphate 
Determination of inorganic phosphate was estimated 
according to the method of Dawson (1960), with slight 
modifications. 
2.30.1 Reagents; 
i) Phosphate stock standard (1 mg p/ml): 
Desiccated KH2PO, (438.1 mg) was dissolved in DDW and 
volume made up to 100 ml. 
ii) Phosphate working standard (4 UR p/ml): 
4 ml stock phosphate standard was diluted to 100 ml 
with DDW. 
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iii ) Reducing reagent: 
1- amino-2-naphthol-4-sulfonic acid (ANSA). 
The ANSA reagent was made up of 28.5 g of Na^S„0c,6 g 
of Na2SQ3, and 0.5 mg of ANSA dissolved in 250 ml DDW 
A slightly yellow solution then obtained was stored 
in amber coloured bottle. The colour is stable 
for a week at room temperature. 
iv) Ammonium molybdate tetrahydrate, 0.8% in DDW was 
prepared by heating in boiling water bath. 
v) Perchloric acid (HCIO ) 70% AR 
2.30.2 Procedure 
Phospholipid was resolubilized in 0.3 ml of 70% 
HCIO,-water (1.5:1) into a 18 x 150 mm corning glass tube. 
Two other tubes were prepared, one for the reagent blank 
and the other for the standard, and 3-4 antibumping glass 
beads were then added. Tubes were heated over digester 
and acid boiled off continually until white fumes of oxide 
appear. At this time there was little or no lipid left 
in tube. Heating step was continued uninterruptedly until 
no more fumes were present. This entire process took about 
30 min . A reagent blank and a standard sample of KH^PO, 
were also simultaneously run under identical conditions. 
A calibration curve was drawn with 1 yg to 6 yg of phospho-
rus. Tubes were cooled at room temperature. During this 
process the inorganic phosphate was released from phospho-
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lipids by oxidation that destroyed organic matter. The 
next step in the process was the reaction of the released 
inorganic phosphate with 0.5 ml of ammonium molybdate thor-
oughly mixed to yield ammonium phosphomolybdate• The latter 
compound was then reduced with 0.085 ml of ANSA reagent-
water (2:1), and 0.885 ml DDW were added in a final volume 
of 1.77 ml and vigorously shaking repeated again. Tubes 
were heated on boiling water bath for 20 min , cooled 
at room temperature. The samples were centrifuged at 
2,000 rpm for 2 min . Under these conditions the reduc-
ing reagent does not reduce the excess molybdate to yield 
a complex "heteropoly blu^", a colloidal dispersion of 
unknown composition. Stable absorbance of sample and 
standard were measured against reagent blank at 820 nm 
on DU-6 spectrophotometer.The values of the calibration curve 
were obtained by plotting absorbance of standard vs. phospho-
lipid P concentration. 
2.30.3 Calculation : 
Phosphorus in the spot 
Total phospholipid phosphorus 
X 1/0.2 X 100 
The above formula was used to determine the percen-
tage of phosphorus from a given phospholipid in the total 
phospholipid mixture. 
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2.31.0 Statistical analysis 
Results were expressed as mean ± SE. Statistical 
evaluation of analytical data for significance between 
the means of experimental and control values were calculated 
using Student's 't' test. P values less than 0.05 wer-^ * 
considered to be significant. 
RESULTS 
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3 . O F I E I S U L - T S 
3.1.0 Physical signs after methyl parathlon administration: 
The administration of methyl parathion to rats induces 
stimulatory effects. Signs such as hyperexcitability, muscu-
lar fasciculations, at times tremors, convulsions and ataxia 
were discernible. After 6-7 days all the experimental rats 
became lethargic. These toxic effects were gradually contro-
lled within a week after the combined treatment of DAM with 
methyl parathion concurrently. Tremors and convulsions devel-
oped in methyl parathion treated rats were abolished by 
DAM. Control rats exhibited no abnormality. 
3.2.0 Brain lipids : 
Lipid contents in discrete areas of the rat brain 
studied viz .: cerebral hemisphere, cerebellum, brain stem, 
and spinal cord following the administration of different 
doses of methyl parathion (1 mg, 1.5 mg, and 2 mg/kg body 
wt. , i.p. daily for 7 days) are presented in Tables 1,2,3, and 4. 
3.2.1 Total lipids : 
Total lipids were found to be significantly increased 
in cerebral hemisphere (p < 0.01) with the highest dose-
schedule (2 mg/kg body wt. ) only. Also in the brain stem, 
doses of 1.5 mg and 2 mg of methyl parathion respectively 
led to a significant increment (p < 0.01) in the levels 
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of total lipids. However, in the spinal cord and cerebellum 
the contents of total lipid were significantly elevated 
(p < 0.001) after the i.p. injections of three different 
doses of methyl parathion (Table 1). 
3.2.2 Phospholipids : 
Phospholipids were increased significantly in all 
the regions ( p < 0.01 and 0.001) of CNS following methyl 
parathion toxicosis. When the dose of methyl parathion was 
increased (2 mg/kg) the content of phospholipids also increa-
sed by 26.45% in cerebral hemisphere, 31.44% in brain stem, 
and 35.64% in spinal cord but this increasing order was 
reversed in cerebellum. At the lowest dose level 1 mg/kg 
it caused statistically significant elevation in the cerebe-
llum (p < 0.001) only (Table 2). 
3.2.3 Cholesterol : 
Table 3 shows significant increment of cholesterol 
in the cerebral hemisphere, cerebellum, and brain stem 
(p < 0.01 and 0.001). The maximum was in the cerebral hemi-
sphere (86.50%) at highest dose-schedule. Interestingly, 
the cholesterol was unaltered at the highest dose level 
of 2 mg/kg body wt., but the decrease of the dose to 1 mg/kg, 
caused significant enhancement of cholesterol in the spinal 
cord (p < 0.001). 
3.2.4 Lipid peroxidation : 
Although the rate of lipid peroxidation significantly 
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increased in the cerebral hemisphere (p < 0.02, 0.01, and 
0.001), brain stem (p < 0.01 and 0.001), and spinal cord 
(p < 0.01 and 0.001) with all the three different doses, 
it was significantly inhibited in the cerebellum in the 
second and third doses (1.5 mg/kg and 2 mg/kg body wt., 
i.p.) of methyl parathion (Table 4). 
3.2.5 Gangliosides : 
Fig. 10 shows that statistically significant reduction 
was found in the level of gangliosides in the cerebral hemi-
sphere and cerebellum (p < 0.001) with all the three dose-
schedules, but in the brain stem (p < 0.01) and spinal cord 
(p < 0.05 and 0.01) in the 2nd and 3rd groups of experimental 
rats. 
3.3.0 GlycoRen : 
A remarkable decrement in the level of glycogen was 
discernible in the cerebral hemisphere (p < 0.01 and 0.001) 
and in the cerebellum (p < 0.01 and 0.001) after adminis-
tering graded doses of methyl parathion. However, in the 
brain stem (p < 0.01 and 0.001) the significant findings were 
noted at two dose levels (1.5 mg/kg and 2 mg/kg), but 
in the spinal cord only with the highest dose (2 mg/kg) 
(Fig. 11). 
3.4.0 Nucleic acids : 
The contents of DNA and RNA in different regions 
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of the rat brain and spinal cord after the administration 
of different doses of methyl parathion are presented in 
Tables 5 and 6. 
3.4.1 Deoxyribonucleic acid (DNA) 
A dose-dependent diminution of DNA was observed in 
the cerebral hemisphere (p < 0.01 and 0.001). In cerebellum, 
8.02% decrease of DNA concentration after 1 mg/kg methyl 
parathion was found to be insignificant, while the changes 
observed in subsequent doses (1.5 mg and 2 mg/kg) were 
statistically significant (p < 0.05). Brain stem also shows 
insignificant reduction (12.66%) with the first dbse^ it 
was significantly decreased (p < 0.05 and 0.01) with the 
second and third doses respectively. However, in spinal 
cord when the doses of methyl parathion were increased 
1 mg/kg to 2 mg/kg the percent diminution was also raised 
significantly from (15.32% to 40.32%, p < 0.05 to 0.001) 
(Table 5). 
3.4.2 Ribonucleic acid (RNA) : 
The concentration of RNA was increased in all .the 
regions of brain and spinal cord (Table 6). The cerebellum 
showed highly significant elevation of RNA contents (p < 0.05 
^^^ 0.001) with all the three dose-schedules .while the 
cerebral hemisphere showed maximum lowering of RNA content as 
compared to other regions, it was found to be significantly 
increased with the highest dose-schedule (2 mg/kg body wt.) 
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only (p < 0.01). The concentration of RNA was increased 
significantly almost similarlyin cerebral hemisphere and 
brain stem ( p < 0.05 and 0.01 ) respectively. The 
increment was correspondingly more with the highest dose 
of 2 mg/kg in various regions of the rat CNS following methyl 
parathion intoxication. 
3.5.0 Protein : 
Results presented in Table 7 show the dose-related 
effects of methyl parathion on the protein level in different 
regions of CNS. All the regions exhibited decreasing trend 
in protein content of experimental animals. The effect was 
maximum with the highest dose level (2 mg/kg body wt. , i.p. 
daily for 7 days). A dose-dependent significant reduction 
of protein content was found to be maximum in the brain 
stem (p < 0.05, 0.01, and 0.001), then in cerebellum 
(p < 0.05). The protein contents were unaltered at the dose-
level of 1 mg/kg, but the increase of the dose from 
1.5 mg/kg to 2 mg/kg body wt. caused significant diminution 
of protein content in cerebral hemisphere (p < 0.05 and 
0.01). However, spinal cord exhibited insignificant decrement 
after the administration of methyl parathion ( 1 mg and 
1.5 mg/kg). At the dose of 2 mg/kg, protein level was signi-
ficantly raised in spinal cord (p < 0.05). 
3.6.0 Acetylcholinesterase (AChE) : 
In cerebral hemisphere the percentage of AChE inhibi-
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tion showed remarkable variation with the dose after the 
administration of methyl parathion (Table 8). The inhibition 
percentage was 20.93, 38.50^and 63.31 following 1 mg, 1.5 mg, 
and 2 mg/kg of the methyl parathion treatment respectively. 
All these changes were found to be statistically significant 
(p < 0.05 and 0.001). Highest dose of methyl parathion 
(2 mg/kg) caused maximum significant depletion in the level 
of AChE in all the brain regions and spinal cord (p < 0.001). 
Interestingly, after the administration of three graded 
doses (1 mg, 1.5 mg, and 2 mg/kg body wt.) of methyl para-
thion, AChE was significantly reduced in cerebellum, brain 
stem, and spinal cord (p < 0.05, 0.01, and 0.001) respec-
tively . 
3.7.0 Effect of diacetylmonoxime (DAM) (25 mg, 50 mg. and 
100 mg/kR body wt • . i.p. daily for 7 days) on the 
level of AChE activity in discrete brain areas and 
spinal cord of methyl parathion (MP) (1 mg, 1.5 mg. 
and 2 mg/kg body wt. . i.p. daily for 7 days) treated 
rats : 
The effect of DAM on the level of AChE in various 
brain regions and spinal cord of methyl parathion treated 
animals is given in Tables 9,10, and 11. The values of AChE 
in cerebral hemisphere, cerebellum, brain stem, and spinal 
cord of MP + DAM treated animals were significantly higher 
than the corresponding values in methyl parathion treated 
animals. 
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The level of cerebral AChE activity in graded doses 
of methyl parathion treated animals were slightly but signi-
ficantly less (Table 8), than the animals which received 
combined doses of MP + DAM (p < 0.05 and 0.001). The severity 
of the methyl parathion poisoning is more in this region 
than in any other regions. AChE activity of this region 
in experimental animals shows 63.31% inhibition after 2 mg/ 
kg methyl parathion administration (Table 8) while the combi-
ned treatment of MP + DAM (2 mg/kg + 100 mg/kg) increased the 
activity of AChE of 67.60% to the corresponding methyl para-
thion treated animals. Like other three regions, spinal 
cord showed incomplete recovery of AChE activity, it was 
significantly 'elevated with the highest dose interaction 
(p < 0.001). In cerebellum and brain stem,there was a signi-
ficant recovery (p < 0.05 and 0.001) of AChE activity after 
the combined treatment of MP + DAM (1.5 mg/kg + 50 mg/kg 
and 2 mg/kg + 100 mg/kg) respectively. Furthermore, all 
these changes were found to be statistically significant 
(p < 0.001) with the highest dose schedule. The recovery 
was faster at the lowest dose level but insignificantly 
and thereafter, it was gradually increased with the increase 
of dose concentrations. 
3.8.0 Rat brain mitochondrial enzymes ; In vitro (0.4 yg, 
0,6 UR, and 0.8 yg) and in vivo (1 mg, 1.5 mg,and 
2 mg/kg body wt., l.p. daily for 7 days) of methyl 
parathion toxicosis : 
3.8.1 Glutathione-S-transferase (GST) : 
The results in Table 12 show the effect of in vitro 
136 
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addition of methyl parathion (0.4 Ug, 0.6 Ug, and 0.8 Ug) 
on post-mitochondrial fraction of brain GST activity. Addi-
tion of methyl parathion reduced the GST activity in a 
concentration dependent manner. It is interesting to note 
that methyl parathion caused no significant effect on GST 
activity of 0.4 Ug and 0.6 Vg concentrations as compared 
to control while it was observed only at high concentration* 
0.8 Ug of methyl parathion (p < 0.05). The iji vivo effect 
of methyl parathion on post-mitochondrial fraction of GST 
activity is shown in Table 13. A statistically significant 
decrease in GST activity was observed on treatment with 
methyl parathion at all dose levels (p < 0.05, 0.01, and 
0.001). 
3.8.2 Marker enzymes: Monoamine oxidase (MAO) and succinic 
dehydrogenase (SDH) : 
In isolation procedure three times washed mitochond-
rial preparation, 48.0% to 37.9% of MAO and SDH activity 
was recovered from brain homogenate. These enzyme activities 
were used as the markers for mitochondria (Table 14). The 
low recovery of the activity of MAO and SDH in the mitochon-
dria was primarily due to three times washing mitochondrial 
preparations which was considered necessary to achieve purity 
of mitochondrial preparations. 
3.8.3 Monoamine oxidase (MAO) : 
The iji vitro effect of methyl parathion on mitochon-
drial MAO activity was inhibited in the rat brain is shown 
1 38 
to tn 
4-1 (B 
m 
0) 
r-i 
XI 
(0 
E-« 
I 
w 
I 
0) 
0 5 
4-1 - ^ (0 t^  
^1 "^ 
•H ' 1 
c tP 
• H 
(0 
4J 
(0 
a c 
I* ^ 0) 
C 3 
0 W 
•^  
JC 
4-
(t 
1-(t 
CP 
X 
o 
a o 
iH 
o 
^"' 
•p 
(1) 
e 
4-1 
0 
m 
tn 
0 
4J 
c 
<u 
u (D 
4-1 
44 
• H 
TJ 
44 
0 
4J 
U 
4^ 
44 
Q) 
0 
> 
- H 
> 
5 
c 
0 
•H 
4-1 
u 
(0 (-1 
44 
r-{ 
M 
n 
c 0 
x: 
u 0 
4-) 
•H 
1 
4-1 
to 
0 
a 
c 
0 
en 
> i 
03 
TJ 
r-
1-1 
o 
4-1 
• 
c 
•H 
(0 
(-1 X! 
4J 
to 
(-1 
44 
0 
> 1 
4-1 
•rH 
> 
•H 
4-1 
U (0 
0) 
U) 
ca 
u Q) 
4-1 
w 
c 
(TJ 
S-l 
4 J 
tn 
o 
u 
C 
(0 
O 
(-1 
4-1 
C 
o 
o 
o 
4-1 
Ti 
TS 
OJ 
U) 
W 
0) 
S-i 
a 
X 
(1) 
0) 
p 
rH 
(0 
> 
CO 
(0 
a 
e 0 
u 
4J 
c 
(1) 
B (U 
u 
u Q) 
13 
4J 
c OJ 
0 
u Q) 
a 
<u 
4J 
(0 
u 
•H 
C 
•H 
to 
(1) 
(0 
a) £. 
4J 
c 
m 
& 
c 
• H 
to 
<u 
M 
3 
CT 
• H 
iu 
• H 
c 
<a 
X 
• H 
m 
44 
0 
W 
w 
+1 
> 1 
4J 
• H 
> 
• H 
4J 
O (0 
c 
03 
e 
in 
03 
(U 
to 
to 
a 
X 
0) 
0) 
J3 
<U 
> 
03 
x: 
• 
-^ 
c 
•H 
0) 
4J 
0 
u 
a 
B 
C 
-H 
E 
-^^  (1) 
4J 
0) 
tP 
3 
• ( — > C 
0 
0 
2 
Q 
U 
to 
0) 
»H 
0 
e 
c 
C 4-) 
o s 
•H 
x; >i 
i-l 4-1 TJ 
03 03 O 
4J V4 X3 
C 03 
<U Cu ty 
B M 
•H i H ^ 
H >i tP 
<D s: B 
&4-) 
X <D <N 
w e — 
4-1 
s 
c 
0 >i 
•r4 rO 
x; o 
rH 4J X3 
03 OJ 
4-1 )H CP 
Qj a - -
B tP 
•H rH e 
Q) x: in 
a 4 - i • 
X 0) T -
c 
0 
•rH 
x: 
4-) 
03 
03 
Di tP 
4-1 
>1 
-a 
0 
XI 
M > i CP 0) x: e 
Di4J 
X 0) r -
o 
V4 
4-1 
c 
o 
u 
* 
* 
* 
+1 o 
IT) CN 
r-i i n 
CN 
* 
« 
CN ' - N 
+1 in 
00 CN 
CN m 
0^ I 
in ^ 
CO 
+1 
\ 0 
CO 
CN 
CN 
00 
in 
CO 
+1 
00 
o 
o 
o 
V 
* 
* 
o 
V 
* 
in 
o 
o 
* 
to 
3 
<-< 
CO 
> 
pL, 
139 
u 
Q) 
X 
u (0 
e 
u 
0) 
c 
c 
• H 
c 
(0 
M 
.0) 
• P 
3 
0 
(1) 
01 
c 
0 
>-i 
T3 
0) 
TJ 
0 
• H 
c 
• H 
o 
0 3 (0 
TD 
c (0 
0) 
to 
• H 
X 
0 
0) 
c 
- H 
m 
0 
c 
0 
0 
c 
0 
• H 
-p (TJ 
£ 
• H 
-P 
m 
w 
• 
u 
c 
0 
x: 
u 0 
-p 
• H 
c 
- H (0 
M 
^ 
4J 
(0 
)-l 
m 
0 
m 0) 
E 
> i 
N 
c 0) 
1 
• H 
o 0) 
a (A 
0) 
x; 
EH 
• 
(A 
0 
-P 
0) 
E 
TD 
en 
(0 
• H 
0) 
-p (0 
e 
c 
• H 
-0 
0) 
Xi 
• H 
o 
en 0) 
TJ 
(n 
0) 
• p 
(0 
e 
• H 
tn 
(U 
Q) 
> i 
4J 
• H 
> 
• H 
•P 
U (0 
en Q) 
E 
> i 
N 
c 
w 
^^ 
Ti 
> i 
X! 
(1) 
• d 
rH 
N 
c 
(1) 
(n 
0) 
r-H 
0 
E 
C 
• • 
en 
(0 
TJ 
0) (n 
en 
0) i-i 
a 
X 
(D 
(A 
(1) 
3 
,—1 
(0 
> 
4-) 
• H 
> 
• H 
-P 
U 
(0 
nJ 
4J 
0 
-P 
C (0 
•P 
•H 
> 
• H 
4J 
o (tj 
o 
• H 
I P 
4J 
• H 
C 
3 
II 
U 
C 
(0 
• H 
4J 
0 
a 
E 
• H 
E 
0) 
o 
3 
}^ 
Z 
u 
Q) 
CM 
CO 
in 
r-i 
0 
E 
C 
II 
XI 
• ^  
c 
• H 
0) 
4-) 
0 
M 
a. 
-^^^ 
en E 
C 
• H 
E 
' TJ 
0) 
E 
M 
0 
i p 
• 
3 
en 
tn 
• H 
-p 
en 
'—. 
> i 
-P 
• H 
> 
•H 
-P 
U 
m 
(U 
i H 
Xi (0 
EH 
cn 
c 
0) 
cn 
O 
u 
Ti 
> i 
x: 
(1) 
T l 
U 
O 
+J 
C 
O 
U 
u 
>1 
4-1 
•H 
> 
•H 
4-) 
o 
(0 
(0 
4-1 
o 
E-" 
• H 
u 
u 3 
w 
> 1 
4-1 
•H 
> 
• H 
4-1 
U 
nj 
• 
& 
w 
o 
(1) (n fO 
•O 
• H 
X 
0 
Q) 
C 
• H 
E (0 
0 
c 0 
s 
> 1 
4J 
• H 
> 
• H 
4J 
U (0 
i H 
(0 
4J 
0 
EH 
nJ 
> i 
4J 
• H 
> 
• H 
4-1 
0 
m 
* 
01 
•"3* 
n 
• 
o 
IT) 
CN 
dP 
<Ti 
• 
r-
m 
-^' 
o 
"a" 
CO 
• 00 
T— 
dP 
O 
• 00 
"^ r 
o 
n 
•H 
>^  
n 
c 
0 
x; 
o 
o 
4J 
140 
in Table 15. The activity of MAO enzyme was not found to 
be significant (9.71%) on addition of 0.4 Ug of methyl para-
thion to the reaction mixture. However, with an increase 
in the concentration of methyl parathion from 0.6 Ug to 
0.8 ug, the activity of MAO decreased significantly 
(p < 0.05). I_n vivo effect of methyl parathion on MAO acti-
vity is given in Table 16. Methyl parathion inhibited the 
enzyme in a dose-dependent manner. Methyl parathion treatment 
daily for 7 days ( 1 mg, 1.5 mg, and 2 mg/kg body wt., i.p.) 
resulted in a 15.83%, 27.70%, and 38.85% inhibition of rat 
brain MAO activity in the mitochondrial fraction. 
3.8.4 Succinic dehydrogenase (SDH) : 
The dose- dependent activity of SDH was inhibited 
significantly both iji vitro and iji^  vivo in the mitochondrial 
fraction of the rat brain (Table 17 and 18). I_n vitro 
(Table 17) the effect is higher than i^ii vivo. 23.47% of 
SDH activity was inhibited by the addition of first concen-
tration (0.4 Ug) of methyl parathion and this was significant 
at P < 0.05. Thereafter, the inhibition percentage was 
enhanced and reaches 31.41% and 42.33% following the addition 
of methyl parathion (0.6 Ug and 0.8 Ug) to the reaction 
mixture respectively. This was found to be statistically 
significant (p < 0.01 and 0.001). Jji vivo, the SDH activity 
of mitochondrial fraction was also found to be inhibited 
as a result of methyl parathion intoxication (Table 18). 
The inhibition was low after (1 mg/kg body wt., i.p.) of 
1 41 
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methyl parathion daily administration for 7 days i.e. 10.23% 
and this was unaltered. After 1.5 mg/kg and 2 mg/kg of 
methyl parathion daily injection for 7 days to the experi-
mental rats, the percentage inhibition was increased to 
18.40% and 25.99% which is statistically significant 
(p < 0.05 and 0.01 respectively). 
3.8.5 Magnesium dependent adenosinettiphosphatase (M^ 
dependent ATPase) : 
2 + 
Fig. 12 shows the iji vitro effect of methyl parathion 
2 + 
on mitochondrial Mg -dependent ATPase activity in rat 
brain. The activity of Mg -dependent ATPase was signifi-
cantly increased ( p < 0.01 and 0.001) in the mitochondrial 
fraction of rat brain on adding 0.4 Ug, 0.6 Ug, and 0.8 Ug 
of methyl parathion in comparison to control. The effect 
of treatment of rats with methyl parathion, on Mg -depen-
dent ATPase activity is given (Fig. 13 ). A dose-related 
2 + 
significant increment of Mg -dependent ATPase activity 
occurred in the mitochondrial fraction dji vivo (p < 0.05 
and 0.01) with the two doses (1.5 mg and 2 mg/kg body wt. , 
i.p. daily for 7 days). However, the activity of this enzyme 
was unaffected (6.37%) at 1 mg methyl parathion poisoning. 
1 46 
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activi ty of the rat bra in . 
147 
C 
E 
o 
LU 
cc 
LU 
CD 
o 
B 
in 
220 
180-
0/ UO 
100 
C EXRI EXRH EXRm 
D 
VOmg 1-5mg 20mg 
P VALUES: • < 0 0 5 
++<001 
N.S=NOT SIGNIFICANT 
o S 60-
hr o 
'^o)^ 20-
2 E 
Fig.B'i l l v'VQ effect of different doses of 
methyl parathion (ip) administration 
daily for 7 days on mitochondrial 
mg t-dependent AT Pase activity 
of the rat brain. 
148 
3.9.0. Effect of methyl parathion (1 mg. 1.5 mg, and 2 mg/ 
kg body wt.. i.p. daily for 7 days) on the levels 
of phosphatidyl serine (PS), phosphatidyl ethano-
lamine (PE), phosphatidyl inositol (PI), and phos-
phatidyl choline (PC) fractionated by two-dimensional 
TLC in the rat brain; 
The major fractions of polar lipids were separated 
into PS, PE, PI, and PC and it takes about 1 hr to obtain 
complete development of the chromatogram. Different solvent 
systems were used for multiple two-dimensional TLC to sepa-
rate the different polar lipid fractions in the rat brain. 
The first migration in chloroform-methanol-water (70:30:4, 
v/v) allowed a separation of most of the polar lipid classes 
except PS, PE, PI, and PC. The second solvent system chloro-
forra-methanol (2:8, v/v) separated PC from PS + PE + PI. 
The third system chloroform-methanol (2:1, v/v) separated 
PS and PI from PE. The fourth chromatography improved the 
separation of PE only . The aforementioned method seems 
to have the advantage of allowing a rapid and complete 
qualitative and quantitative analysis of the main polar 
lipid fractions in small sample about 500 Ug of polar lipid. 
Individual phospholipids in the rat brain studied 
viz. : PS, PE, PI and PC after the treatment of different 
doses of methyl parathion ( 1 rag, 1.5 mg, and 2 rag/kg body 
wt., i.p. daily for 7 days) are given in Table 19, 
149 
The total recovery (% of total phospholipid P analysed) was 
found 90.16 in control and 95.74, 95.94, and 95.12 in the 
graded doses of methyl parathion treated rats. 
3.9.1. Phosphatidyl serine (PS) : 
A dose-dependent inhibition of PS was noticed after 
methyl parathion administration. PS level was found to 
be significantly decreased with highest dose-schedule. 
However, the level of PS' was unaffected (7.95% and 11.27%) 
in the 1st and 2nd groups of experimental animals. It 
is of particular interest to note that methyl parathion 
caused no significant change on PS content of 1 mg and 
1.5 mg/kg doses of methyl parathion as compared to corres-
ponding control values while it was found only at high 
dose-level 2 mg/kg (P < 0.05). 
3.9.2 Phosphatidyl ethanolamine (PE) : 
A significant elevation was found in the level of 
PE with all the three doses of methyl parathion in all 
the groups of experimental rats in comparison to control* 
The increment was 30.19%, 47.21%, and 61.28% following 
1 mg, 1.5 mg, and 2 mg/kg body wt. of methyl parathion 
treatment respectively. All these changes were found to 
be statistically significant (P < 0.01 and 0.001). 
3.9.3 Phosphatidyl inositol (PI) : 
Administration of three graded doses of methyl 
150 
parathion ( 1 mg, 1.5 mg, and 2 mg/kg body wt. , i.p. daily 
for 7 days), caused a significant reduction in PI level 
of rat brain. The decrement (6A.76%) was correspondingly 
more with highest dose of 2 mg/kg after methyl parathion 
neurotoxicity. Following different doses of methyl parathion 
the percent inhibition was simultaneously raised to 21.8A, 
40.94, and 64.76 respectively. All these alterations were 
found to be statistically significant (P < 0.05 and 0.001). 
3.9.4 Phosphatidyl choline (PC) : 
Results in Table 19 show the dose-dependent effects 
of methyl parathion on the PC level in the rat brain. All 
the graded doses of methyl parathion exhibited decreasing 
trend in PC content of each group of experimental rats. 
A dose-related significant inhibition of PC level was found 
to be maximum with the highest dose ( 2 mg/kg body wt. , 
i.p. daily for 7 days). The level of PC was unaltered 
(9.66%) at the dose-level of 1 mg/kg, whereas when the 
doses were increased from 1.5 mg to 2 mg/kg body wt., caused 
statistically significant reduction (22.48% to 31.88%) 
was found in the content of P C in the rat brain ( P < 0.05 
and 0.01). 
3.10.0 Organophosphate methyl parathion induced dose-related 
increment of dry weight of the total lipids content 
extracted from the rat brain : 
The data in Table 20 depict that values of dry weight 
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of the total lipids were elevated after the i.p. injection 
of methyl parathion in different concentrations (1 mg, 
1.5 mg, and 2 mg/kg body wt.) daily for 7 days to each 
experimental rat . 
Administration of methyl parathion elevated the 
dry weight of the total lipids in a concentration-dependent 
manner. Statistically significant increment was found in 
the dry weight of the total lipids of brain with allthe three 
dose-schedules of methyl parathion intoxication. Interes-
tingly, when the concentration of drug was increased from 
1 mg to 2 mg/kg the content of total lipids dry weight 
also increased by 22.53%, 37.00% and 68.02%. All these 
changes due to methyl parathion poisoning were found to 
be statistically significant ( P < 0.05 and 0.001). Highest 
concentration of methyl parathion caused maximum elevation 
in the content of total lipids dry weight of the rat brain 
(Table 20). 
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4 - o iDisczussioisr 
^.1.0 Brain lipids: 
The results of the present study indicate increment 
in the levels of total lipids, phospholipids, cholesterol, 
and lipid peroxidation, whereas a remarkable depletion 
of the levels of gangliosides was observed in the cerebral 
hemisphere, cerebellum, brain stem, and spinal cord follow-
ing the administration of methyl parathion in three differe-
nt doses (1 mg, 1.5 mg, and 2 mg/kg body wt. , i.p. daily 
for 7 days). To date no information is available on the 
dose-related changes in lipid levels and lipid peroxidation 
in different regions of the rat brain and spinal cord 
following methyl parathion neurotoxicity. 
Among various body organs, the brain is one of the 
richest in lipids. Lipids account for half the dry weight 
and most of the architecture of membranes in the brain 
(Ordy and Kaack, 1975). Lipids, which constitute structural 
elements of the plasma membrane, components of ion channels, 
comprise portions of neurotransmitter receptors, and are 
major constituents of myelin. Myelin metabolism may be 
affected by a variety of toxic agents (White et al., 1978). 
Compounds that cause disturbance of myelin metabolism may 
exert their effects directly on myelin-forming cells, or 
demyelination may be a secondary response to a disturbance 
of neuronal metabolism. Myelin sheaths and the neuropil 
of gray matter account for much of the total lipid in brain 
tissue (Robins, 1956; Scharf,1953; and Schimizu,1965),making 
I 
upto 65% of the dry weight of the white matter and 35-40% 
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of gray matter (Brante, 1949). On the other hand, lipids 
of various tissues are known to be in a dynamic steady-state 
in that there is continuous replacement of existing molecules 
by new ones (White et al., 1959). The lipids in the nervous 
system form an important part of neurochemical studies. 
It is well known that distinct regional differences occur 
in lipid content and turnover in cell types and various 
pathways,and centres of the brain (Ordy and Kaack, 1975). 
Alterations in the lipid metabolism may be due to the changes 
in the rate of anabolism, catabolism, or both. These pro-
cesses are regulated by the activities of appropriate 
enzymes. The major lipids of the CNS are cerebrosides, phos-
pholipids, cholesterol, fatty acids, and sphingomyelin. 
4.1.1 Total lipids 
Total lipids showed dose-dependent elevation in all 
regions of the CNS investigated, the maximum increment being 
in cerebellum. This can be very well explained on the basis 
of the findings of Majno and Karnovsky (1955), who reported 
the changes in lipid synthesis in the brain following the 
administration of an organophosphate. Furthermore, previous 
reports from this laboratory (Tayyaba and Hasan, 1980 and 
Vadhva and Hasan, 1986) have also shown increment of total 
lipids in the different regions of the CNS after the organo-
phosphate pesticide intoxication. Our recent studies have 
also indicated that the total lipid contents were increased 
in the CNS of the OP methyl parathion treated rats (Hasan 
and Khan, 1985). Ham and Rose (1969) and Hazzard et al.(1969) 
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have suggested that a decreased lipoprotein lipase activity 
may be a factor contributing to the enhanced plasma lipid 
level. However, the possibility of inhibition of enzymes 
responsible for lipid degradation seems more likely in view 
of the reported increase in total lipids in various brain 
regions (Tayyaba and Hasan, 1980), consequent upon inhibition 
of lipase activity following OP toxicosis. Furthermore, 
the increase in total lipid contents in different regions 
of brain and spinal cord, irrespective of their regional 
variations, can be explained on the basis of the observation 
of Caley and Jenson (1973) who detected inhibition of lipase 
activity following OP administration. 
A . 1 . 2 Phospholipids 
The significance of phospholipids of CNS is dependent 
on their role as membrane constituents. The myelin of 
phospholipids are largely stable throughout the lifespan 
of the animal (Davison and Dobbing, 1960). The properties 
of a membrane will be governed to some extent by its composi-
tion and since this is partly phospholipid in nature, the 
effect of drugs on phospholipid metabolism is of great impor-
tance. Individual lipid classes, particularly membrane phos-
pholipids are undergoing constant turnover at different 
rates with respect to the structure of the lipid and locali-
sation in different cells and membranes (Porcellati, 1983). 
Occasional results have indicated that phosphatidyl choline 
may be transferred intact from the blood to the brain 
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(Hoelzl and Frank, 1969; Ansell and Spanner, 1971), It was 
observed that phospholipid may reach the site of action 
at the cellular level as intact molecules. Phospholipids 
were increased significantly in all the regions of brain 
and spinal cord with different doses of methyl parathion toxi-
cosis. Two possible explanations for the elevation of phos-
pholipid can be given. First, the rate of synthesis of phos-
pholipid may be enhanced. Second, the rate of degradation 
of phospholipid may be inhibited by methyl parathion adminis-
tration. Earlier, Hasan and Khan (1985) reported that in 
discrete areas of the rat brain different doses of methyl 
parathion toxicity elevated phospholipid contents. 
4.1.3 Cholesterol 
The high concentration of cholesterol seems to be 
characteristic of nervous tissue.' The constant amount of 
cholesterol in the brain suggests that the sterol is meta-
bolically stable and is thus removed from the normal dynamic 
exchange process common to almost all other body constituents 
(Waelsch et al . , 1940). Studies in cell layers of monkey 
cerebral cortex have shown that the distribution of choleste-
rol is almost a mirror image of that of the protein, choles-
terol increases and protein decreases, with increasing 
cortical depth (Robins et al.,1956). Studies using radioactive 
isotopes indicate that both lipid fatty acids and phospho-
lipids, respectively are metabolically more active than 
cholesterol, both in adult and young brains (Waelsch et 
al., 1940 and Dawson, 1955). 
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The cholesterol level showed dose-dependent elevation 
in all the regions of the rat brain and spinal cord. Addi-
tionally, increment in the content of cholesterol is suppor-
ted ,by the earlier studies of Prasada and Ramana (1984) 
who have reported increased level of cholesterol after OP 
exposure. The increment in cholesterol level can be explained 
on the basis of either its increased synthesis or decreased 
degradation, following methyl parathion administration. 
The possibility of inhibition of enzymes responsible for its 
degradation by methyl parathion appears more likely in view 
of the toxic manifestations of organophosphorus compounds. 
Another alternative explanation may be sought in the known 
steroid-organophosphorus antagonism (Glees, 1961). Pretreat-
ment of rats with certain steroids reduces the toxicity 
of op's (Selye, 1970). 
4.1.4 Lipid peroxidation 
Lipid peroxidation is the basic reaction of oxidative 
deterioration of polyunsaturated fatty acid chains in biolo-
gical membranes. It involves direct reaction of oxygen and 
lipid to form free radical intermediate and to produce semi-
stable peroxide. Biomembranes and subcellular organelles 
are the major sites of lipid peroxidation damage 
(Tappel, 1970). Kartha and Krishnamurthy (1978) reported 
that among the different tissues from normal rat the brain 
showed considerably higher peroxidation. Considering that 
unsaturated fatty acids, which undergo peroxidation, are 
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important constituents of biological membranes. Lipid peroxi-
dation appears to be a phenomenon that reflects free radical 
events associated with biological membranes, which contain 
most of the polyunsaturated fatty acid-containing lipids 
in animal tissues. The brain homogenate has apparently the 
necessary unsaturated fatty acids and the catalysts for 
peroxidation in the architecture of the cell itself which 
are readily available for reaction with molecular oxygen 
to undergo lipid peroxidation. 
It is interesting to note that administration of 
three graded doses of methyl parathion caused significant 
dose-related enhancement of lipid peroxidation in the cereb-
ral hemisphere, brain stem, and spinal cord. In cerebellum, 
however, dose-dependent inhibition of lipid peroxidation 
was discernible. This was in line with the maximum increment 
of total lipids in this region. This might be also explained 
on the basis of the fact that the brain is a heterogene-
ous organ; in some ways it is more a collection of disparate 
organs than single entity. This heterogeneity is of great 
importance in the evaluation and interpretation of biochemi-
cal findings (Hertz, 1969). This is exemplified by the regio-
nal differences in alterations in lipid peroxidation caused 
by methyl parathion. Previous reports from this laboratory 
also embody similar findings with other organophosphorus compounds 
such as dichlorvos (Hasan and Ali, 1981 and Vadhva and Hasan, 
1986), metasystox (Islam et al., 1983 and Tayyaba and Hasan, 
1985) and phosphamidon (Naqvi et al., 1988). Our recent 
1 60 
findings (Hasan and Khan, 1985) revealed that OP methyl 
parathion induced dose-related increase in the rate of lipid 
peroxidation in various regions of rat brain and spinal 
cord . 
4.1.5 Gangliosides 
Brain gangliosides are unique in their high content 
and molecular distribution. The level of total ganglioside 
in the brain is rarely approached by any systemic organs; 
hematoside is usually the only ganglioside-dependent lipid 
present in sufficient quantity in majority of the systemic 
organs. Gangliosides are principally synthesized in neuronal 
perikarya and transported to nerve endings together with 
macromolecules (Rahmann and Rosnner, 1973; Ledeen et al . , 
1976; and Landa et al., 1979), but local synthesis within 
the axon and nerve endings (Ledeen et al., 1976 and 
Tettamanti et al., 1980) or even at the plasma membrane 
level (Preti et al. , 1980) can not be excluded. 
Rahmann (1983) has reported that gangliosides are 
the essential constituents of membrane and are more concen-
trated and more complex in the central nervous system than 
in any other organ. In the brain they are mainly localised 
in two fractions, viz. the myelin matrix and outer membrane 
of nerve endings (Ramsey and Nicholas, 1972). They are invol-
ved in the nerve impulse conduction since they act as recep-
tor sites for neurotoxins (Van Heyningen, 1959 and North 
et al., 1961). There is growing evidence that gangliosides 
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may bind biologically active compounds, as well as various 
neurotoxins, through their terminal N-acetylneuraminic acid 
moiety (Avrova, 1971). Biosynthesis of brain gangliosides 
occurs by sequential addition of monosaccharides or N-acety-
lneuraminic acid to the carbohydrate chain, starting from 
ceramide. Degradation of brain gangliosides also proceeds 
by sequential removal of monosaccharide and N-acetylneura-
minic acid by glycosidases and neuraminidases (Ledeen and 
Mellanby, 1977). Irwin and Samson (1971) have shown 
that certain types of behavioral stimulation (stress, exer-
cise, sensory stimulation, learning) seem to be accompanied 
by alteration of ganglioside metabolism, compared to the 
corresponding control. In the present study, the depletion 
in the ganglioside levels is concordance with the 
recent findings from this laboratory (Islam et al., 
1983 and Naqvi et al., 1988), in which reduction 
in the concentration of gangliosides in different regions 
of brain and spinal cord has been reported following 
the OP administration. 
A . 2 .0 Glycogen 
The enzyme systems that synthesize and catabolize 
glycogen in other tissues are also found in brain, but their 
kinetic properties and modes of regulation appear to differ 
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(Goldberg and O'Toole, 1969). Indeed the importance of the 
glycogen reserve in brain to brain function is not clear, 
the amount present could not maintain energy production, 
when glucose is lacking, for more than a few minutes. It 
was reported that the cerebral glycogen content was signifi-
cantly reduced in diazinon OP treated hyperglycaemic rats 
(Matin and Husain, 1987a and Matin and Husain, 1987b). 
Our recent findings (Khan and Hasan, 1988) have shown that 
the content of glycogen was decreased with all the three 
dose-schedules in the different regions of the brain follow-
ing methyl parathion toxicosis. Hyperglycaemia is another 
toxic effect induced by certain organophosphorus compounds 
(Weiss et al., 1964)' Furthermore, hyperglycaemia induced 
by malathion is accompanied by depletion of glycogen in 
certain brain regions of rats (Matin and Siddiqui, 1982). 
Nevertheless, the range of variety of agents active in affec-
ting glycogen metabolism may be taken as a general indication 
that glycogen is important to metabolic rate. Our results 
further indicate that the reduced level of glycogen in order 
to provide extra energy by mobilising glycogen or increased 
glycogenolysis under anaerobic condition may account for 
the hyperexcitability or stimulatory effects in methyl para-
thion-treated rats. 
It was previously reported that the level of cerebral 
glycogen was reduced during stimulation and increased after 
anaesthesia and the administration of certain barbiturates 
and sedatives (Estler, 1961). Thus the level of glycogen 
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seems to be influenced by the state of activity of the 
brain. Recently, Matin and Husain (1987) have shown 
stimulatory effects, hyperexcitability and hyperglycaemia 
in malathion treated rats, apparently due to the depletion 
of cerebral glycogen. This is consistent with our findings. 
According to McLlwain and Bachelard (1971), changes in 
glycogen which appear to be caused by convulsant excitant 
drugs are more likely to be the result , rather than 
cause, of an increase in the general metabolic rate. 
A.3.0 Nucleic acids 
4.3.1 Deoxyribonucleic acid (DNA); 
The results suggest that the levels of DNA are affec-
ted dose-dependently in various regions of the rat brain 
and spinal cord. The contents of DNA exhibited a decrement 
in different parts of brain with all three dose-schedules 
following methyl parathion toxicosis. It has been shown 
that different regions of the brain have different DNA 
concentrations. Cerebellum has high concentration of DNA 
(4.86%) when compared to other regions. Our findings are 
in agreement with the observations of (May and Grenell, 
1959 and Tayyaba et al., 1981). The high concentration 
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of DNA in cerebellum reflects the extreme cell density of 
the granular layer. Among the brain regions analysed, maximum 
depletion of DNA was observed in cerebral hemisphere (58.28%) 
whereas, the least affected region was cerebellum (23.46%), 
This indicate that each brain part has its own vulnerability 
towards methyl parathion neurotoxicosis. Similarly, a dose-
related inhibition of the level of DNA following OP DDVP 
intoxication was reported by Paolo and Fini (1980). One 
of the reasons for this diminution may be that DDVP 
induces degenerative changes in neurons and nerve fibres(Hasan 
et al., 1979), and also increased lipid peroxidation (Hasan 
and Ali, 1981). furthermore,Dean (1972) has reported reduction 
of DNA levels after DDVP toxicosis on cultured human lympho-
cytes. It has also been reported that OP' s chromatolyse the 
neurons in chick (Janzik and Glees, 1966). In addition to 
this, the reduction in DNA level may be attributed to 
the increased DNase activity, in the brain regions of rat 
treated with the OP-metasystox, as suggested by Tayyaba 
et al. (1981 ). D ifferent OP's are known to reduce DNA level 
of various brain regions. Thus the reduction in the level 
of DNA in discrete brain areas may be due to the disturbances 
caused by methyl parathion in the normal synthesis and 
turnover rate of DNA, in addition to degenerative changes. 
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4.3.2 Ribonucleic acid (RNA) 
The results indicate that methyl parathion adminis-
tration causes significant dose-related increment 
of RNA levels in the various regies of the rat CNS. The 
increment of RNA levels are not uniform in all the 
regions, the RNA level reaches maximum at the dose of 
2 mg/kg body weight. These differences may be due to 
functional heterogeneity in connection with the rate of 
protein synthesis among the discrete brain areas. 
The increment of RNA level in the brain of dieldrin-fed 
rats has also been reported (Bergen, 1972). 
Demyelination is a feature of poisoning by 
many OP pesticides and that can also induce 
increased production of RNA (Heath, 1961). McLlwain and 
Bachelard (1971) have reported that RNA synthesis 
increased due to damage of the neurons. The elevation 
in the content of RNA is generally associated 
with the improvements in protein nutrition or 
tissue function (Bergen et al., 1974). The 
increment of RNA contents may also be related 
with the improvement of protein nutrition or tissue 
function (Bergen et al., 1974). Hence, 
the increased concentration of RNA in 
the various regions of the rat CNS suggests that 
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seiccLive synthesis of proteins might have occured under 
stress condition (Prosser, 1969). 
•^•^  .0 Protein; 
The alterations in the neuronal activity are accomp-
anied by measureable alterations in macromolecules like 
protein in the cell. The decrement of protein despite its 
continued synthesis suggests high rate of utilization of 
protein due to methyl parathion toxicity. However, it may 
be noted that increased neuronal activity has also been 
reported to inhibit protein synthesis (Hyden and Lange, 
1972). The specific neuronal functions, such as conduction 
of action potentials and synaptic transmission, are known 
to be mediated by protein (Bock, 1978). McLlwain and 
Bachelard (1971) are of the view that many environmental 
and nutritional factors may perturb the brain protein. Addi-
tionally, Arnaiz et al. (1975) have reported that inhibition 
of protein level might be an indication of a disequilibrium 
of the normal energy-yielding metabolism. In the present 
study, the decrement of protein contents in all the brain 
regions can be explained on the basis of higher utilisation 
of protein leading to reduction of protein levels due to 
increased proteolytic activity, as earlier reported by Ahmad 
et al . (1978). The RNA level indicates the intensity of 
protein synthesis in a tissue (Brachet, 1955). Thus, the 
increased level of RNA in the present investigation suggests 
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the non-interference of methyl parathion directly in 
the protein synthesis. Free amino acids in brain are 
known to involve in a number of metabolic processes 
(Neame, 1968). Hence, the demand for amino acids 
possibly may induce the break-down of proteins and 
this could have enabled the animal to withstand the 
toxic stress by performing normal neurochemical 
functions. 
The protein levels were decreased in all the 
regions of brain and spinal cord following the i.p. 
injection of methyl parathion. The maximum decrease 
was detected in brain stem at the highest dose-schedule. 
These findings are in accordance with the reduction 
in the protein contents of the metasystox treated rats 
(Tayyaba et al., 1981). Furthermore, Ravi (1984) 
reported that OP pesticide phosalone induces decrement 
in the protein level in the CNS of the fishes Labio 
rohita and Cy p r i n u s carpio . Interestingly, inhibition 
of the protein contents in the fish brain after DDVP 
intoxication has been reported by Rath and Misra (1980). 
4.5.0 Acetylcholinesterase (AChE) : 
Inhibition of ChE's caused by OP' s poisoning has 
been noticed in detail earlier but less attention has been 
paid towards methyl parathion OP toxicity. The mode of 
action of OP's in vertebrates is generally regarded as disr-
uption of nerve impulse in the central and peripheral ner-
vous system due to the inhibition of ChE and consequent accumulation 
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of ACh at synapses (Coppage and Matthews, 1975). The resulting 
disturbances in electrophysiology cause loss of muscular 
coordination, induction of convulsions and ultimately death. 
In the present study, the results reveal the inhibitory 
effect of methyl parathion in different regions of the brain 
and spinal cord. Previous reports are available indicating 
the inhibitory action of parathion in the rat brain (DuBois 
et al., 1949; Emsley et al., 1976; and Fiscus and Van Meter, 
1977). The decrease in the neurotransmitter levels in the 
brain of rat treated with organophosphorus compound has 
been reported ( Brzezinski, 1972; 1978; and Brzezinski 
and Paruszewska, 1980). The inhibition of this emzyme acti-
vity in the methyl parathion treated animals suggests the 
capability of methyl parathion to cross the blood brain 
barrier (BBB) and the extent of neurotoxicity. Emsley et 
al. (1976) have also shown that most of the organophosphorus 
compounds inhibit AChE in the brain after crossing over 
the BBB. The significant low levels of ChE are consistent 
with the accumulation of ACh in the different regions of 
the brain and spinal cord of methyl parathion administered 
animals (Hall and Kolbe, 1980). From this laboratory, Ali 
et al. (1977) have also reported inhibitory effect of the 
OP, DDVP, on the AChE level. Paraoxon, a metabolite of para-
thion, was found to achieve quick inhibition of ChE activity 
in the brain (Holmstedt, 1959 and Matin, 1974). This is 
consistent with our finding that the animals treated with 
different doses of methyl parathion exhibited highly signi-
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ficant inhibition of ChE activity in the various regions 
of rat brain and spinal cord. In all the regions of the 
brain, the inhibitory effect of methyl parathion was maximum 
at the highest dose-schedule, probably due to the availabi-
lity of oxygen analog at maximum level. It has been reported 
that methyl parathion as such has no effect but its metabo-
lite, methyl paraoxon has the potential to inhibit AChE 
(DuBois et al., 1949; Schrader, 1965> and Schrader, 1967, 
see also Table 3). However, the stability of the phosphory-
lated enzyme depends upon the nature of the pesticide 
(Reiner, 1971). Discrete areas of the brain and spinal cord 
have differential sensitivity to the three different concen-
trations of methyl parathion. At the end of 7th day, the 
effect was found to be maximum in cerebral hemisphere, where 
20.93%, 38.50%, and 63.31% of inhibition have been noticed 
and this was the highest inhibition recorded among the other 
brain regions, while the least inhibition was 15.5A%, 28.38%» 
and 47.30% observed in cerebellum. These findings suggest 
greater vulnerability of cereberal hemisphere and less 
susceptibility of cerebellum to methyl parathion neurotoxi-
city. In additon to this, possibly cerebellum may have more 
resistance to methyl parathion than cerebral hemisphere. 
The present investigation suggests that enzymatic hydrolysis, 
a major pathway of inactivation of OP pesticide, differs 
among the different regions of the brain and spinal cord 
(March et al., 1956). 
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4.6.0 Effect ,of DAM on the level of AChE activity in certain 
brain reRJons and spinal cord of different doses 
of methyl parathion treated rats : 
Methyl parathion was used in the present study, to 
achieve quick inhibition of AChE activity. On the other 
hand, DAM readily crossesthe BBB and was more effective in 
reactivating the ChE in the brain (Holmstedt, 1959). The 
results revealed that the poisoning by methyl parathion 
v/as not long-lasting. The inhibition of AChE activity can 
be reversed by the treatment with DAM. The results indicate 
that the level of ChE in the rat CNS was significantly higher 
after combined treatment (with MP + DAM) than when methyl para-
thion was given alone. Aldridge (1953) has reported that the 
inhibition caused by ethyl compounds was more stable than 
inhibition by methyl compounds. Since, the OP used here 
is a methyl compound, the effect was reduced gradually in 
all regions of brain and spinal cord after the administration 
of (MP + DAM) simultaneously, indicating the recovery of 
AChE activity. Moreover, the major factor for recovery may 
be resynthesis of enzyme molecules (Lauwerys and Buchet, 
1971). The recovery capacity of the individual brain 
part differs significantly and the dose required for 
complete recovery also may vary accordingly. The 
recovery of AChE activity, to some extent 
depends upon the degree of inhibition. The 
lesser the percentage of inhibition the faster 
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and complete the recovery rate. This indicates, the capabi-
lity of different brain regions and spinal cord for recovery 
from the toxic effect of methyl parathion following the 
(MP + DAM) treated rats. These differences in recovery among 
the regions may be due to differences in the synthesis or 
reactivation of AChE. The role of oximes as ChE reactivators 
in the therapy of OP poisoning has been confirmed by Sadler, 
(1958) and Heilbronn and Tolagen,(1965). It was previously 
reported that a minimal rteactivation of brain ChE by oximes 
was important in the prognosis of OP toxicosis (Erdmann 
and Engelhard, 1964; and Bajgar and Jakl, 1970). The results 
indicate that the level of ChE activity in the CNS in 
MP + DAM treated animals was significantly higher than the 
corresponding values in methyl parathion treated animals 
(Table 9,10, and 11). This is consistent with our finding 
that DAM was more effective in terminating tremors and 
convulsions in methyl parathion treated animals. Thus a 
small reactivation of ChE activity in the various brain 
parts and spinal cord by DAM is not only important for the 
treatment of OP poisoning but may also be involved in the 
modification of the behavioural effects induced by this 
compound. Interestingly, the greater effect of DAM ( a non 
quaternary compound) may be related to its greater penetra-
tion through the BBB and membranes resulting in its accumula-
tion in different areas of the brain and spinal cord or 
its direct effect on the level of phosphorylated (inhibited) 
ChE or through some other mechanism. 
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4.7.0 Rat brain mitochondrial enzymes : In vitro and in 
vivo effects following methyl parathion intoxication 
Mitochondria occur ubiquitously in the neuron and 
its processes. Qualitative and quantitative differences 
distinguish brain mitochondrial metabolism from that of 
the other organs. There are also differences in the distri-
bution of mitochondrial enzymes throughout the brain that 
lead one to the conclusion that there are different types 
of mitochondria within the brain. The biochemical markers 
that have been commonly used to elucidate the mechanism 
of neurotoxicity of OP pesticides and one of aims of the 
present report is to evaluate both the iji vitro and iji vivo 
effects of methyl parathion (a sulfur containing OP) on 
the membrane bound mitochondrial enzymes. 
4.7.1 Glutathione-S-transferase (GST) : 
Methyl parathion in low doses, had no significant 
inhibitory effect on post-mitochondrial GST activity, while 
a significant reduction (P < 0.05) has been noted at the 
highest dose of 0.8 jjg/mg protein (iji^  vitro). A statistically 
significant decrease in GST activity was observed at all 
dose levels (i_n vi vo) . Dixit et al. (1980) have reported 
the biological role of brain GST in conjugation and binding 
of a potent neurotoxin. Dixit et al. (1981) have also shown 
the presence of GSTs in mammalian and avian brain-
GST-mediated conjugation mechanisms may function in the brain 
independently in the biotransformation of neurotoxic 
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compounds at the target site. Our results show that the 
decrease in brain GST activity at subsequent treatment 
periods could possibly be due to the cumulative action of 
methyl parathion OP to express toxicity by inhibiting its 
GST-mediated biotransformation pathway. This may be a critical 
factor for neurotoxic effect of the compound which requirs 
disposal through GST conjugation. The greater accumulation 
of this toxic compound may occur and cause an inhibition 
of the enzyme activity in brain as well (Bayland and Chasseaud , 
1969 and Das at al., 1982). The inhibition of GST activity 
suggests that detoxication of their toxic compounds could 
be suppressed following different doses of methyl parathion 
neurotoxicity. Also, the activity of GST is inhibited during 
the exposure of methyl parathion. This reduction in the 
activity of GST suggests a retardation in the detoxification 
of the methyl parathion in the brain tissue. Therefore it 
is likely that the observed inhibition of brain GST is a 
result of binding of the enzyme (s) with neurotoxin. GST rep-
resents an important class of xenobiotic metabolising 
enzyme(s) (Mukhtar et al., 1981). This inhibition of brain 
GST activity by neurotoxin may lead to an overall suppression 
of a biotransformation reaction leading to an increased 
vulnerability of brain towards the exposure of methyl para-
thion neurotoxicosis. 
A.7.2 Monoamine oxidase (MA0_1 : 
The effect of methyl parathion iji vitro and iji vivo 
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on the MAO activity in rat brain mitochondria was investi-
gated. In contrast to previous reports a little but signifi-
cant decrease in the enzyme activity in brain mitochondrial 
fraction following OP pesticides were observed. Shellenberger 
and Walaszek (1972) and Chase and Murphy (1973) reported 
that MAO plays an important role in the metabolism of bio-
genic amines and in the behaviour of animals. Several pesti-
cide do stimulate the biogenic amines and neurotransmitter 
system in animals. Changes in the activity of MAO have been 
associated with convulsive seizures (Kilien and Frey, 1973). 
Beeman and Matsumura (1973) have reported that the chlordime-
form poisoning causes hyperexcitation and tremors in rat 
and mice and inhibit the MAO activity. Bailey et al. (1982) 
have also observed the inhibition in the activity of brain 
MAO in rats treated with chlordimeform. It may also be inter-
preted that as MAO is a membrane bound enzyme, the inhibition 
of this enzyme by methyl parathion may be associated with 
the alteration of membrane-enzyme relationship. Since the 
decrement in enzyme activity has been observed even when 
expressed in terms of protein values, it appears to be a 
specific effect of methyl parathion and not due to a possible 
overall protein-degradation by methyl parathion-intoxication. 
4.7.3 Succinic dehydrogenase (SDH) : 
SDH is a thiol-containing enzyme which is associated 
with mitochondrial inner membrane. The present study demons-
trates the in vitro and in vivo effects of various concentra-
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tion of methyl parathion on the SDH activity in the mitochon-
drial fraction of rat brain. It has been observed that brain 
mitochondrial SDH activity was slightly reduced after the 
OP treatment (Sitkiewicz et al., 1977). Therefore, consider-
ing the fact that in different doses of organophosphorus 
compound methyl parathion acts on enzymes of subcellular origin 
in one way or the other, we have carried out the present 
investigation with a view to study the neurotoxic effect 
of organophosphorus ester on mitochondrial SDH. Decreased 
SDH activity will affect cellular oxidation. A diminished 
0^ uptake by liver mitochondria in the presence of organo-
phosphorus compounds has been observed by Ranganatha and 
Ramamurthi (1979). Also inhibition of SDH activity has been 
reported in the brain of sumithion treated fish, Etroplus 
maculatus (Vijayalakshmi^ 1980) and in metasystox treated 
fish, Channa striatus (Natarajan, 1982). Vijayalakshmi, 
(1980) has proposed that depressed respiratory rate 
might adversely affect some of the key metabolising 
enzymes in the Kreb's cycle. For the regulation 
of intermediary metabolism in the brain, so as to adapt 
to different environmental conditions, enzymes are found 
to play important roles (McLlwain and Bachelard, 1971). 
Being an important enzyme in intermediary metabolism, the 
inhibition of SDH activity may be the factor for increased 
LDH activity and this suggests the shifting of aerobic path-
way to anaerobic side. This assumption was reported by 
Natarajan (1982), who has observed similar results in fish, 
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Channa striatus treated with metasystox. Recently, it has 
also been demonstrated that the treatment with different 
concentrations of methyl parathion iji vitro and jjn vivo 
inhibition of brain mitochondrial SDH was investigated 
(Khan and Hasan, 1986; Khan at al., 1987; Hasan and Khan, 
1988; and Hasan et al., 1989). 
2+ 2 + 
4.7.4 MR -dependent adenosinetriphosphatase (MR -dependent 
ATPase) : 
The study has demonstrated that the mitochondria 
derived from rats brain fed with three different concentra-
tions of methyl parathion show increased magnesium concen-
tration in response to ATPase. These effects may apparently 
be associated with restrictions of ion movements across 
the membrance. Magnesium has been shown to form a complex 
with ATP. The complex formation occurs with the terminal 
two phosphate groups. It has further been found that the 
presence of Na and K increases the formation of this 
complex. Some investigators (Blond and Whillam, 1965) feel 
that the suppression of ATP formation is a result of the 
lowered utilization of ATP by the plasma membrane of the cell. 
This might occur, for it is known that ATP inhibits its own 
synthesis whereas ADP stimulates ATP formation. Certain org-
anophosphorus compounds have been reported to increase the 
level of cyclic AMP in the brain (Coult et al., 1979). The 
biochemical investigation of the mechanism of action of 
OP pesticide deals with ATPases which bring about the 
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breakdown of ATP into ADP and inorganic phosphate. Mg -
ATPase is located in the mitochondria and is probably related 
to the production of ATP from these organelles. The present 
study demonstrates that the administration of three different 
doses of methyl parathion (1 mg, 1.5 mg,and 2 mg/kg body 
wt.) increases Mg -dependent ATPase activity in brain 
mitochondria,as a consequence of change in the physiological 
environment of the cell system. The addition of methyl para-
thion (O.A Ug, 0.6 Ug,and 0.8 Ug/mg protein) to the reaction 
mixture was required to elevate the Mg -dependent ATPase 
activity iji vitro. The results showed that methyl parathion 
toxicity is likely to be due to its disruptive effect on 
2 + 
mitochondrial energy metabolism. The mitochondrial Mg 
ATPase may not be fully utilized in oxidative phosphorylation* 
Hence mitochondria are the centres for oxidative phosphory-
lation. This enzyme is most likely to be affected by methyl 
parathion increment iji vivo. Additionally, elevation in 
the enzyme activity indicates that normal nucleic acid 
synthesis in brain may be disturbed by OP toxicosis (Sastry 
and Sharma, 1981). Differential sensitivity of ATPase to 
O P ' S can provide a good understanding of the action of these 
compounds on active transport mechanism involving ATPase 
system. Our more recent studies : Khan and Hasan (1986); 
Khan et al. (1987); Hasan and Khan (1988); and Hasan et 
al. (1989) have shown that the various concentrations of 
methyl parathion poisoning induced a remarkable increase 
2 + in the mitochondrial Mg -ATPase formation both i_n vitro 
and in vivo. 
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4.8.0 Dose-related neurochemical changes of methyl para-
thion; Elevation of phosphatidyl ethanolamine (PE), 
degradation of phosphatidyl serine (PS), phosphatidyl 
inositol (PI), and phosphatidyl choline (PC) separa-
ted by two-dimensional TLC in the rat brain : 
In the present study multiple two-dimensional TLC 
was used to fractionate lipid classes (neutral and polar), 
and the polar lipids were further rechromatographed into 
fractions by adjusting the polarity of the solvents. For 
smaller quantities the polar lipids were fractionated into 
individual phospholipid components (PS, PE, PI, and PC). 
The changes in the individual lipid classes have been summa-
rized by Horrocks (1963) ; Horrocks et al. (1975); 
Horrocks et al. (1981); and Rouser and Yamamoto (1968 and 
1969). However, to date no information is available on 
the dose-related changes in individual phospholipids in 
the rat brain following methyl parathion intoxication. 
Therefore, this study was undertaken to predict the neuro-
chemical alterations in individual phospholipids after 
the treatment of three graded doses of methyl parathion 
(1 mg, 1.5 mg, and 2 mg/kg body wt., i.p. daily for 7 days). 
A dose-related decrement in the levels of PS, PI, and PC 
was discernible, but the levels of PE exhibited a remarkable 
increment in the rat brain with all the three dose-schedules 
following methyl parathion poisoning. 
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There is a key role played by membrane phosphoino-
sitide dependent signal transduction pathway in controlling 
the functions of a variety of cell types within the nervous 
system. The principal phospholipids of the brain are PS, 
PE, PI, and PC. They are mainly synthesized in the brain 
from bases activated by cytidine triphosphate (CTP),(Walton, 
1983). 
Metabolic pathways of phospholipid in brain are 
similar to those in systemic organs (Rossiter, 1966; Possma-
yer et al., 1968; and Stanacev et al., 1968). Porcellati 
(1974) described that the brain tissue utilizes unsaturated 
diglycerides more efficiently than saturated diglycerides 
for the synthesis of PC and PE from cytidine 5'-diphosphate 
choline and cytidine 5'-diphosphate ethanolamine respective-
ly. Dienoic diglycerides are better substrates for the 
synthesis of PC, whereas hexaenoic diglycerides are better 
substrates for the synthesis of PE. 
Phospholipids, in particular, exert direct physical 
effects on protein-lipid interactions, which in turn affect 
enzymatic reactions. In recent years it has become increa-
singly evident that these lipids also participate in complex 
biological processes, serving both as substrates and as 
chemical mediators (Hanahan and Nelson, 1984 and Michell, 
1975). In the liquid-crystalline state individual phospholi-
pid molecules have a high degree of mobility within the 
plane of the membrane, whereas equilibration of phospho-
lipid molecules between the leaflets of bilayer is 
relatively slow (Rothraan and Lenard, 1977). Tanaka and 
Strickland (1965) suggested that phospholipids might 
also play an importat part in certain enzyme systems. 
Therefore, the main aim of the present study is to inves-
tigate the possible regulatory mechanisms of phosph-
olipid biosynthesis in the brain, and of the alternative 
metabolic pathways involved, should be of particular 
interest, because it is highly probable that the meta-
bolism of phospholipids in brain are similar as in 
systemic organs. Thus, the nature of the constituent 
phospholipids and their attached fatty acids may, in 
part, control the metabolic lability or stability of 
membrane structures. To date, only few workers such as 
Porcellati et al. (1970 a, b); Porcellati and Arienti 
(1970); Porcellati and Pirotta (1970); Ansell and Spanner 
(1971); and Porcellati et al. (1971) , have concentrated 
on the regulatory mechanisms of phospholipid synthesis 
in nervous tissue. 
It has been reported previously that the content 
of PE phospholipids, constitute such as large portion of 
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brain lipids (9% of the dry weight of the whole brain) 
(Ansell and Spanner, 1970). Most plasma membranes contain 
substantially more PE in the cytoplasmic leaflet of the 
bilayer than in the outer half (op den Kamp, 1979). Almost 
all of the phosphatidal lipid in the brain in PE, with 
much smaller amounts of PC and PS. It is of particular 
interest to note that the treatment with three different 
doses of methyl parathion caused dose-related enhancement 
of PE level and inhibition of PS PI, and PC levels in the 
rat brain examined. Increased level of PE in the present 
study can be explained on the basis of either its increased 
synthesis or decreased degradation. Thus, the PE content 
was activated, causing greater formation of PE in the path-
ways of phospholipid biosynthesis. In the brain, PS occurs 
in two forms; as a sodium salt and as a free acid (Cumings, 
1964). Pellassy et al. (1989) have reported that both the 
possible rise in PE level andfallinPS due to decarboxylation 
of PS was monitored. These changes may favour the metabolism 
of phospholipid to PE which, according to our results, 
was increased significantly in methyl parathion-treated 
animals. Further, according to our previous studies (Hasan 
and Khan, 1985), the level of phospholipid was also enhanced 
in the rat CNS after the treatment of graded doses of methyl 
parathion toxicosis. An increase in phospholipid levels 
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of rat brain was also found by Sun and Samorajski (1972); 
Horrocks et al. (1981); Palo et al. (1964); and Bonetti 
et al. (1983). In rat and mouse brain the levels of PC 
decreased and PE plasmalogens increased during maturation 
(Norton and Paduslo, 1973 and Horrocks, 1968). Smith et 
al. (1983) suggested that PE, slowly metabolize in brain, 
while PC undergo a rapid turnover, and PI exhibited an 
even faster rate, both are synthesized from glucose and 
fatty acids. Walton (1983) reported that rapid conversion 
of phosphatide acids to PI and vise versa, also suggested 
that the process is significantly enhanced by neuronal 
activity, and PI metabolism is believed to be important 
in processes of membrane reconstitution or repair. According 
to our results, treatment with three different doses of 
methyl parathion resulted in a significant decrease in 
the PC and PI phospholipid levels in the rat brain. These 
observations can very well be explained on the basis of 
the findings of Nelson and Barnum (1960) who reported the 
effect on brain PC metabolism, occurring very short time 
after the injection of 2.5 mg/kg body wt. of diisopropyl 
flurophosphonate (DFP) organophosphorus compound. More 
recently, Subramonium et al. (1988 and 1989) have reported 
that the administration of daily doses of neurotoxic pesti-
cide endosulfan (15 mg/kg body wt.) for 3 weeks drastically 
reduced PI level in the rat brain. 
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4.9.0 Methyl parathion increases the dry weight of the 
total lipids in the brain; 
The results of the present study indicate increment 
of dry weight of the total lipids was observed in the rat 
brain after the daily i.p. injection of methyl parathion 
in different doses (1 mg, 1.5 mg, and 2 mg/kg body wt.) 
for 7 days. 
Majno and Karnovsky (1955) had dealt with changes 
in lipid synthesis in the brain after the administration 
of raipafox organophosphate. In the present study increase 
in the total lipids dry weight is further supported by 
our earlier findings (Hasan and Khan, 1985) reporting the 
elevation in the content of total lipids in the rat brain 
after the i.p. administration of the OP pesticide methyl 
parathion (1 mg, 1.5 mg, and 2 mg/kg body wt.) daily for 
7 days. Previous reports from this laboratory also embody 
similar findings (Tayyaba and Hasan, 1980 and Vadhva and 
Hasan, 1986) who have observed elevation of total lipids 
level in the brain following OP dichlorvos intoxication. 
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A.10,0 Conrliision : 
In the present investigation attempts were made 
to characterize methyl parathion in rat Central Nervous 
System (CNS), mitochondrial fraction, and different 
phospholipid fractions in the brain. It is the submission 
of the author that the results obtained provide a guideline 
towards a better understanding of the precise mechaaism of 
action of the organophosphorus pesticide methyl parathion-
induced neurobiochemical changes in the rat brain. 
The rapid development and industrialization in our 
country have led to the use of numerous unwanted organophos-
phorus pesticides. Continued presence of these pesticides 
have caused ecological imbalance and serious health hazards 
among the farmers and general population exposed to them. 
The researches on organophosphates (OP's) have made 
rapid and decisive progress in the last decade. Convincing 
evidences have been presented to show that organophosphorus 
pesticides are by-products of various sources, and are 
released into our environment. Methyl parathion is a widely 
used organophosphorus pesticide in controlling agricultural 
pests. The way in which they influence the brain is subject 
of increasing concern. 
Brain is a multicompartmental organ controlling 
numerous body functions. Biotransformation of drug and 
other toxic chemicals in this organ may be of great importance 
in determining their pharmacological and toxicological 
actions on CNS. The CNS is the most susceptible and vulner-
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able target of the toxic chemical (WHO Environmental Health 
Criteria, 1986). Poisoning the nervous system is the quick-
est and surest way of chemically upsetting the regular 
body mechanisms. The CNS regulates the internal environment 
of the body with respect to the' external environment. 
It plays a pivotal role as the controlling centre of the 
body . 
The purpose of this study is to correlate available 
information and present it in a manner relevant to neurobio-
chemistry. Since our purpose is to present a coherent 
concept of the integrative activity of the brain, the 
evidence we use must be a selective one. 
Overall analysis of the results revealed that the 
effect due to different doses of methyl parathion was 
maximum at highest dose level (2 mg/kg), some regions have 
shown heterogeneity. On the other hand, the administration 
of graded doses of diacetylmonoxime in methyl parathion 
treated rats, all the regions of rat CNS have showed comple-
te recovery in the activity of AChE, which was significantly 
inhibited due to methyl parathion poisoning. 
The results of the present investigation also indi-
cate that each parameter has shown varying magnitudes of 
responses to different doses of methyl parathion and these 
differences have been reflected among the regions also. 
These variations in the results for the same stimulus 
(methyl paration treatment) may be attributed to the regio-
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nal and parameter specificities which may interact and 
thus one parameter may show maximal effect in a certain 
area whereas another will show greater response in a second 
region (Walsch, 1981). 
BIBLIOGRAPHY 
187 
O B I B ] L - I C > C 3 R A . F > M V 
Abdel-Latif A A and Chang F E. J Chromalog 1966; 24 : 435. 
Abe T and Norton W T. The characterization of sphingolipids from neurons 
and astroglia of immature rat brain. J Neurochem 1974; 23 : 1025-1036. 
Agnati, L F, Benfenati F, Battistini N, Cavicchioli L, Fuxe K and Toffano 
G. Selective modulation of 3H-spiperone labeled 5-HT receptors by subchronic 
treatment with the ganglioside GM. in the rat . Acta Physiol Scand 
1983a; 117 : 311-314. 
Agnati L F, Fuxe K, Benfenati F, Battistin N, Zini I and Toffano G. Chronic 
ganglioside t reatment counteracts the biochemical signs of dopamine 
receptor supersensitivity induced by chronic haloperidai t rea tment . Neurosci 
Lett 1983b; 40 : 293-297. 
Agnati L F, Fuxe K, Toffano G, Galza L and Benfenati F et al . Evidence 
•for structural plasticity in the nigrostriatal dopamine neurons; Morphochemical 
evidence for trophic action of gangliosides on partially lesioned nigrostriatal 
dopamine neurons. In : Clinical Neuropharmacology (eds. Racagni G, paoletti 
R and Kielholz P), (Suppl. I). Raven Press, New York 1984; 7 : 594-
595. 
Agnati L F, Fuxe K, Benfenati F, Zoli M and Owman C et al. Effect of 
ganglioside GM. treatment on striatal glucose metabolism, blood flow 
and protein phosphorylation of the rat . Acta Physiol Scand 1985; 125 : 
43-53. 
Ahmad M and Glees P. Cytoplasmic laminated bodies in the spinal cord 
of the hen - An electron microscope study. Acta Anatomica 1971; 78 : 
91-98. 
Ahmad 1 K, Begum M R, Sivaiah S and Ramana Rao K V. Effect of malathion 
on free amino acids, total proteins, glycogen and some enzymes of Pelecypod 
Lamellidens marginalis (Lamark). Proc Indian Acad Sci Soc B 1978; 
87 : 377-380. 
Akhmedov B K and Danilov V B. Med Zh Vzh 1969; 3 : 17-18. 
Aldridge W N. The inhibition of cholinesterase by Triesters of phosphoric 
acid. 3. The nature of the inhibitory process. Biochem J 1953; 54 : 
442-448. 
Aldridge W N and Barnes J M. Neurotoxicity of drugs. In : Proceedings 
of the European Society for the Study of Drug Toxicity, Intern Congr 
Ser No. 118. Excerpta Medica Foundation, Amsterdam 1967; Vm : 162. 
Aldridge W N, Barnes J M and Johnson M K: Studies on delayed neurotoxicity 
produced by some organophosphorus compounds. Annals of New York 
Acad Sci 1969; 100 : 314-320. 
Aldridge W N. The nature of the reaction of organophosphorus compounds 
and carbamates with esterases. Bull WHO 1971; 44 : 25-30. 
188 
Ali S F, Hasan M and Asifuzzaman. Observations on the organophosphate 
insecticide dichlorvos - induced changes in the amino acid and enzyme 
content of different regions of the central nervous system. J Anat Soc 
India 1977; 26 : 12. 
Ali S F, Chandra O and Hasan M. Effect of an organophosphate; (Dichlorvos) 
on open field behaviour and locomotor activity : Correlation with regional 
brain monoamine levels. Psychopharmacology 1980; 68 : 37-42. 
Ansell G B and Spanner S. The catabolism of ethanolamine phospholipids 
in brain tissue. Biochem J 1970; 117 : 11-13. 
Ansell G B and Spanner S. Studies on the origin of choline in the brain 
of the rat. Biochem J 1971; 122 : 741-750. 
Arnaiz G, Rodrigues de Lores B, Robiolo de Esteves and Mistrorigo de Pacheco 
M. Inhibition of protein synthesis and ATPase in mitochondria by the 
administration of the convulsant 3-mercaptopropionic acid. Life Sci 
1975; 16 : 385-394. 
Association of Food and Drug Officials of USA. Quaterly Bulletin 1952; 
16 : 3. 
Augustinsson K B and Jonsson G. Acta Chem Scand 1957; 11 : 275. 
Autilio L A, Norton VV T and Terry R D. The preparation and some properties 
of purified myelin from the central nervous system. J Neurochem 1964; 
11 : 17. 
Avrova N F. Brain ganglioside patterns of vertebrates. J Neurochem 1971; 
18 : 667-674, 
B 
Bai A R K and Reddy C C. Laboratory toxicity of some insecticides to 
Apis cerana indica. J Apic Res 1977; 16 : 161-162. 
Bailey B A, Martin R J and Downer R G H. Monoamine oxidase (E.G.1.4.3.4) 
inhibition and brain catecholamine levels in the rat following treatment 
with chlordimeform. Pestic Biochem Physiol 1982; 17 : 293-300. 
Bajgar J and Jakl A. Voj Zdravotn Listy 1970; 39 : 253. 
Balakrishnan S, Gooalwin H and Cumings J N. The distribution of phosphorous 
containing lipid compounds in the human brain. J Neurochem 1961; 8 : 
276. 
Bami H L. Detection of pesticide in human poisoning. Proc First All India 
Symp on Progress and Problems in Pesticide Residue Analysis, Ludhiana, 
(India), 1971; p. 183. 
Banks P. Biochem J 1965; 95 : 490. 
189 
Bano Y and Hasan M. Mercury induced time-dependent alterations in lipid profiles 
and lipid peroxidation in different body organs of cat-fish Heteropneusts 
fossilis. J Environ Sci Health 1989; B24(2) : 145-166. 
Barber A A and Bernheim F. Lipid peroxidation : its measurement, occurrence 
and significance in animal tissue. In : Adv Gerontol Res (ed. Strehler). 
Academic Press, New York 1969; 2 : 355-403. 
Bay E, Crop S and Yates L F. Proc Soc exp biol med 1958; 98 : 107. 
Beeman R W and Matsumura F. Chlordimeform : a pesticide acting upon 
amine regulating mechanisms. Nature 1973; 242 : 273-274. 
Behringer M P. Techniques and materials in biology. McGraw Hill Publishers 
1973; p. 120-132. 
Belleau B and Lavoie J L. Can J Biochem 1968; 46 : 1397. 
Bend J R, Smith B R, Ball L M and Mukhtar H. Alkene and Arene Oxide 
metabolism in hepatic and extrahepatic tissues - pharmacological and 
toxicological aspects. In : Conjugation Reactions in Drug Biotransformation 
(ed. Aitio A ). Biomedical Press, Elsvier/North-Holland 1978; p. 3-16. 
Bergen W G. Liver and brain nucleic acid and body composition of growing 
rats fed Dieldrin. Proc Soc Exp Biol Med 1972; 140 : 1259-1262. 
Bergen W G, Czajka-Narins O M, Fink E L and Rimpau E S. Liver and 
brain nucleic acids and brain RNA synthesis in suckling rats fed Dieldrin 
(38082). Proc Soc Exp Biol Med 1974; 146 : 259-262. 
Berry J F, Cevallos W H and Wade R R. J Aus Oil Chemists Soc 1965; 
42 : 492. 
Berry R W. Processing of low molecular weight proteins by identified neurons 
of Aplysia. J Neurochem 1976; 26 : 229-231. 
Bidstrip P L, Bonnell J A and Beckett A G. Paralysis following poisoning 
by a new organic phosphorus insecticide (mipafox). British Medical Journal 
1953; 1 : 1968-1974. 
Biskind M and Mobbs R F. Psychiatric manifestations from insecticide exposure. 
J Am Med Assoc 1972; 220 : 1248 
Bloch K, Berg B N and Rittenberg D. The biological conversion of cholesterol 
to cholic acid. J Biol Chem 1943; 149 : 511-517. 
Blond D M and Whillam R. Biochem J 1965; 97 : 523. 
Bloor W R, Pelken K F and Allen D M. Determination of fatty acids and 
cholesterol in small amount of blood plasma. J Biol Chem 1922; 52: 
191-205. 
Bock E. Nervous system specific proteins. J Neurochem 1978; 30 : 7-14. 
190 
Bon S, Vigny M and Massoulie J. Asymmetric and globular forms of acetylcho-
linesterases in mammals and birds. Proc Natl Acad Sci, USA 1979; 76 : 
2546-2550. 
Bonetti A C, Battistella A, Calderini G, Teolato S, Crews F T, Gaiti A, 
Algeri S and Toffano G. Aging. In : Aging of the Brain (eds. Samuel D, 
Algeri S, Gershm S, Grimm V E and Toffano G). Raven Press, New 
York 1983; 22 : 171-181. 
Booth J, Boyland E and Sims P. Biochem J 1961; 79 : 516. 
Boyland E and Chasseaud L F. The role of glutathione and glutathione-
s-transferases in mercapturic acid biosynthesis. Adv Enzymol 1969; 32: 
172-219. 
Brachet I. In : Nucleic acids. Academic Press, New York 1955; vol. n. 
Brante G. Studies on lipids in the nervous system with special reference 
to quantitative chemical determination and topical distribution. Acta 
Physiol Scand 1949; 18 : 63. 
Bratislavske Lekarsky Listy. 1958; 38 : 151. 
Bremer E G, Schlessinger J and Hakomori S. Ganglioside-mediated modulation 
of cell growth. J Biol Chem 1986; 261 : 2434-2440. 
Bremer E G, Hakomari S, Bowen-Pope D F, Raines E and Ross R. Ganglioside-
mediated modulation of cell growth, growth factor binding and receptor 
phosphorylation. J Biol Chem 1984; 259 : 6818-6825. 
Broekhuyse R M. Biochim Biophys Acta 1968; 152 : 307. 
Brown A W A. , Ecology of pesticides. John Wiley & Sons, New York 1978. 
Bruce R B, Howard J W and Elsea J R. Toxicity of 0,0-di ethyl-o-(2-isopropyl-
6-methyl-4-pyrimidyl ) phosphorothioate (diazinon). J Agric Food Chem 
1955; 3 : 1017-1021. 
Brezezinski, J. The effect of poisoning with phosphorus organic insecticides 
on the catecholamine levels in rat plasma, brain and adrenals. Dissert 
Pharm Pharmacol 1972; 24 : 217-220. 
Brezezinski J. Effects of chlorfenuinfos on the disulfiram induced decrease 
of endogeneous nor-adrenaline in the rat brain. Pol J Pharmacol Pharm 
1978; 30 : 69-71. 
Brezezinski J and Paruszewska B W. Neurochemical alterations in rat brain 
as a test for study in the neurotoxicity of organophosphorus insecticides. 
Arch Toxicol Suppl 1980; 4 : 475-478. 
Burton K. A study of the conditions and mechanisms of the diphenylamine 
reaction for the colorimetric estimation of deoxyribonucleic acid. Biochem 
J 1965; 62 : 315-323. 
191 
Bus J S and Gibson J R, Lipid peroxidation and its role in toxicity. In : 
Reviews in Biochemical Toxicology (eds. Hodgson E, Bend J R and Philphot 
R M). Amsterdam, Elsevier-North Holland 1979; 1 : 125-149. 
Caley R M and Jenson R G. Effect of parathion on lipolysis in isolation 
of rat adipose tissue cells. Lipids 1973; 8(1) : 32-44. 
Campbell P N. in : Progress in Biophysics and Molecular Biology (eds. 
Butter J A V and Huxley H E). Pergamon Press, New Yori< 1965; 15 : 
1-36. 
Casida J E and Baron R L. Pesticide induced delayed neurotoxicity. U S 
Environmental Protection Agency. Research Triangle Park 1976. 
Caspara E A and Field E J. Immunological examination of the soluble antigens 
of human brain and their modification by proteolytic enzyme. Dtsch 
Ztsch f Nervenheilk 1963; 184 : 478-486. 
Cavanagh J B. The toxic effects of tri-o-cresyl phosphate on the nervous 
system. J Neurology & Psychiatry 1954; 17 : 163-172. 
Chase T N and Murphy D L. Serotonin and central nervous system function. 
Ann Rev Pharm 1973; 13 : 183-197. 
Chatterjee S and Bhattacharya S. Detoxication of industrial pollutants by 
the glutathion, glutathione-S-transferase system in the liver of Anabas 
testudineous (Bloch). Toxicology Letters 1984; 22 : 187-198. 
Child A F, Davies D R, Green A L and Routland J P. Br J Pharmacol 
Chemother 1955; 10 : 462-465. 
Cleland L G. Editorial: Oxy radicals, "peroxide tone" and inflammation. J 
Rheumatology 1984; 11 : 725-726. 
Cohen G. Lipid peroxidation : Detection in vivo and in vitro through the 
formation of saturated hydrocarbon gases. In : Oxygen Free Radicals 
and Tissue Damage. CIBA Foundation Symposium, Elsevier, Amsterdam 
1979; 65 : 177-185. 
Collier B and Katz H S. The synthesis, turnover and release of surplus 
acetylcholine in a sympathetic ganglion. J Physiol (London) 1971; 214 : 
537-552. 
Comes B and Stakelum G S. J Clin Invest 1961; 40 : 981. 
Cook R P. "Cholesterol". Academic Press, New York 1958; pp. 160. 
Cooper J R, Bloom F F and Roth R H. The biochemical basis of Neuropharma-
cology. 320. Oxford University Press, New York 1978. 
Coppage D L, Metthews E, Cook C H and Knight T. Brain acetylcholinesterase 
inhibition in fish as a diagnosis of environmental poisoning by malathion, 
0,0-dimethyl-S-(1,2-dicarbethoxyethyl) phosphorodithioate. Pesticide Biochem 
Physiol 1975; 5 : 536-542. 
192 
Coppage D L and Matthews E. Brain-acetylcholinesterase inhibition in a 
marine teleost during lethal and sublethal exposures to 1,2-dibromo-2, 
2-dichloroethyl dimethyl phosphate (Naled) in sea water. Toxicol Appl 
Pharmacol 1975; 31 : 128-133. 
Costa E and Sandler M. Monoamine oxidase: New Vistas. Raven Press, New 
York 1972. 
Cotton M de V (ed.). Regulation of Catecholamine Metabolism in the Sympathetic 
Nervous System. Baltimore: Williams 6c Wilkins 1972. 
Coult D B, Howells D J and Smith A P. Cyclic nucleotide concentrations 
in the brains of mice treated with the convulsant bicyclic organophosphate 
4-iso-propyl-2,6,7-trioxa-1-phosphatricylo (2,2,2) octane. Biochem Pharmacol 
1979; 28 : 193-196. 
Cremlyn R. Pesticides-Preparation and mode of action. John Wiley <Sc Sons, 
New York 1978. 
Cumings J N. Brain 1953; 76 : 551. 
Cumings J N. Brain 1955; 78 : 554. 
Cumings J N. Metabolic diseases of the nervous system. In : Diseases 
of Metabolism (ed. Duncan G G). Illustrated W. B. Saunders Company 
Philadelphia and London 1964. 
Cuzner M L. The chemical composition of vertebrate myelin and microsomes. 
J Neurochem 1965; 12 : 469. 
D 
Dahle L K, Hill E G and Holman R T. The thiobarbituric acid reaction and 
the autoxidation of polyunsaturated fatty acid methyl esters. Arch Biochem 
1962; 98 : 253-261. 
Das M, Mukhtar H and Seth P K. Effect of acrylamine on brain and hepatic 
mixed function oxidases and glutathione-S-transferase(s) in rats. Toxicol 
Appl Pharmacol 1982; 66 : 420-426. 
Datta K K and Dikshith T S S. Histopathologic changes in the testes and 
liver of rats repeatedly exposed to pesticides. Exp Path 1973; 8 : 363-
370. 
Dauterman W C. Biological and non-biological modifications of organophosphorus 
compounds. Bull WHO 1971; 44 : 133-150. 
Davignon L J, St-Pierre J G, Charest G and Tourangeau F J. A study of 
the chronic effects of insecticides in man. Can Med Assoc J 1965; 92 : 
597. 
14 Davison A N et al. The deposition of [4-C ] cholesterol in the brain of 
growing chickens. J Neurochem 1958; 3 : 89-94. 
193 
Davison A N and Dobbing J. Brain phospholipid metabolism in vivo. Biochem 
J 1960; 71 : 10. 
Davison A N. Brain sterol metabolism. In : Advances in Lipid Research 
(eds. Paoletti R and Kritchevsky D). Academic Press, New York and 
London 1965; 3 : 171-197. 
Dav/son R M C. Biochim Biophy Acta 1955; 14 : 374. 
Dawson R M C. A hydrolytic procedure for the identification and estimation 
of individual phospholipids in biological samples. Biochem J 1960; 75 : 
45-53. 
Dean B J. The effect of dichlorvos on cultured human lymphocytes. Arch 
Toxikol 1972; 30 : 75-85. 
Demopoulos H B, Flamm E S, Seligman M L, Mitamura J A and Ransohoff 
J. Membrane perturbations in central nervous system injury : Theoretical 
basis for free radical damage and a review of the experimental data. 
In : (Bourke A J, Nelson R S and Kimelberg L R). Popp., Neural Trauma, 
Raven Press, New York 1979; p. 63. 
Dikshith T S S and Dutta K K. Pathologic changes induced by pesticides 
in the testis and liver of rats. Exp Pathol 1972; 7 : 309. 
Dische Z. Color reaction of nucleic acid components. In : The Nucleic 
acids (eds. Chargaff E and Davidson J N). Academic Press, New York 
1955; I : 285-305. 
Dixit R, Mukhtar H, Seth P K and Krishnamurti C R. Binding of acrylamide 
and glutathione-S-transferase. Chem Biol Interact 1980; 32 : 353-395. 
Dixit R, Mukhtar H, Seth P K and Krishnamurti C R. Binding of acrylamide 
and glutathione-S-transferase. Chem Biol Interact 1980; 32 : 353-395. 
Dixit R, Mukhtar H, Seth P K and Krishnamurti C R. Preliminary evidence 
for the presence of glutathione-S-transferase activity in mammalian and 
avian brain. Neurotoxicology 1981; 2 : 193-196. 
Dobbing J. The entry of cholesterol into rat brain during development. J 
Neurochem 1963; 10 : 739-742. 
Dreyfus H et al. Structure and Function of Gangliosides. Plenum Press, New 
York 1979. 
DuBois K P, Doull J, Salerno P R and Coon J M. Studies on the toxicity 
and mechanism of action of p-nitrophenyl diethyl thionophosphate (parathion). 
J Pharmacol Ther 1949; 95 : 75-91. 
DuBois K P and Coon J M. Toxicology of organic phosphorus containing 
insecticides to mammals. AM A Arch Ind Hyg Dccup Med 1952; 6 : 9-
13. 
194 
Durham VV F, Gains T B, McCauley R N, Sedlac V A, Mattson A M and 
Kayes W J. Studies on toxicity of o,0-dimethyl-2,2-dichlorovinyl phosphate 
(DDVP). AMA Arch Ind Health 1957; 15 : 340-349, 
Dybing E and Sognen E. Hyperglycaemia in rats after diazinon and other 
cholinesterase inhibitors. Acta Pharmacol Toxicol 1958; 14 : 231-235. 
Edstron J E. The content and the concentration of RNA in motor anterior 
horn cells from the rabbit. J Neurochem 1956; 1 : 159-165. 
Edstron J E and Pigon A. Relation between surface, RNA content, and 
nuclear volume in encapsulated spinal ganglion cells. J Neurochem 1958; 
3 : 95-99. 
Eichberg J Jun, Whittakar V P and Dawson R M C. Distribution of lipids 
in subcellular particles of guinea-pig brain. Biochem J 1964; 92 : 91. 
Ellman G L and Courtney K D, Andre V Jr . and Featherstone R M. A new 
and rapid colorimetric determination of acetylcholinesterase activity. 
Biochem Pharmacol 1961; 7 : 88. 
Emsley M, Gaines J B and Simon G. Toxicity of pesticides. Neurobiol Toxicol 
1976; 3(1) : 36-38. 
Erdmann W D and Engelhard H. Arzneimittel - Forsch 1964; 14 : 5. 
Esterbauer H. Aldehydic products of lipid peroxidation. In : "Free Radicals, 
Lipid Peroxidation and Cancer" (eds. McBrien DCH and Slater T F). Academic 
Press, New York 1982; p. 101-123. 
Estler C J. Glycogen content of the brain and body temperature of white 
mice under the influence of central inhibitory and stimulatory drugs. 
Med Exp 1961; 4 : 209-213. 
Eto Y and Suzuki K. Cholesterol esters in developing rat brain : Concentration 
and fatty acid composition. J Neurochem 1972; 19 : 109-115. 
Eto Y and Suzuki K. Cholesterol ester metabolism in rat brain. A cholesterol 
ester hydrolase specifically localized in the myelin sheath. J Biol Chem 
1973; 248 : 1986-1991. 
Eto H. Organophosphorus pesticides - Organic and biological chemistry. CRC 
Press Ltd., Cleveland 1974. 
Fiscus R R and Van Meter. Effects of parathion on turnover and endogenous 
levels of norepinephrine (NE) and dopamine (DA) in rat brain. Fed Proc 
1977; 36 : 951. 
195 
Fish W A, Boyd J E and Stokes W M. Metabolism of cholesterol in the 
chick embryo. J Biol Chem 1962; 237 : 334. 
Fish S A. Amer J Obstet Gynaecol 1966; 96 : 1148. 
Fish I and Winick M. Effect of malnutrition on regional growth of the develop-
ing rat brain. Exp Neurol 1969; 25 : 534-540. 
Fishman P H and Brady R O. Biosynthesis and function of gangliosides. 
Science 1976; 194 : 906-915. 
Fiske C H and Subbarow Y. The colorimetric determination of phosphorus. 
J Biol Chem 1925; 66 : 375. 
Flab A and Erdmann W D. Arch Tox 1969; 24 : 123. 
Folbergrova J, Lowry O H, Passonneau J V. Change in metabolites of the 
energy reserves in individual layers of mouse cerebral cortex and subjacent 
white matter during ischemia and anasthesia. J Neurochem 1970; 17 : 
1155-1162. 
Folch J, Ascoli I, Lees M, Meath J A and LeBaron F N. Preparation of 
lipid extracts from brain tissue. J Biol Chem 1951; 191 : 833-841. 
Freeman C P and West D. Complete separation of lipid classes on a single 
thin-layer plate. J Lipid Res 1966; 7 : 324-327. 
Fries B A, Changus G W and Chaikoff I L. J Biol Chem 1940; 132 : 23. 
Fritz P J and Hamrick M B. Enzymatic analysis of adenosine triphosphatase. 
Enzymol Acta Biocat 1966; 30 : 57-64. 
Fukuto T R and Metcalf R L. Metabolism of insecticides in plants and animals. 
Ann NY, Acad Sci 1969; 160 : 97-113. 
Fumagalli R and Paoletti R. The identification and significance of desmosterol 
in the developing human and animal brain. Life Sci 1963; 5 : 291. 
Fumagalli R, Grossi E, Paoletti P and Paoletti R. Studies on lipids in brain 
tumours occurance and significance of sterol precursors of cholesterol 
in human brain tumours. J Neurochem 1964; 11 : 561. 
Gaines T B. The acute toxicity of pesticides to rats. Toxicol Appl Pharmacol 
1960; 2 : 88-89. 
Gaines T B. Acute toxicity of pesticides. Toxicol Appl Pharmacol 1969; 
14 : 515-534. 
Galli C, White H B Jr and Paoletti G. Brain lipids (Lipids in the Nervous 
System). J Neurochem 1970; 17 : 347. 
196 
Ganguly S K and Bhattacharya J. Detection of small amounts of pesticides 
in human biological material by T L C. Forensic Sci 1973; 2 : 333. 
Gardner H W. Lipid hydroperoxide reactivity with proteins and amino acids. 
J Agric Fd Chem 1979; 27 : 220-229. 
Gershon S and Shaw R H. Psychiatric sequelae of chronic exposure to organo-
phosphate insecticides. Lancet 1961; i : 1371. 
Glees P. Central nerve fiber degeneration caused by tri-orthocresyl phosphate 
and its arrest by the action of cortisone acetate. German Medical Monthly 
1961; VI : 245-247. 
Goldberg N D and O'Toole A G. The properties of glycogen synthetase and 
regulation of glycogen biosynthesis in rat brain. J Biol Chem 1969; 
244 : 3053-3061. 
Goldenring J R, Otis L C, Yu R K and De Lovenzo R L. Calcium/ganglioside-
dependent protein kinase activity in rat brain membrane. J Neurochem 
1985; 44 : 1229-1234. 
Gosselin R E, Hodge H C, Smith R P and Gleaspn M N. Clinical toxicity of 
commercial products - Acute poisoning. 4 edn, Baltimore, The William 
and Wilkins Co., 1968; p. 95. 
Gray G M. Biochim Biophys Acta 1967; 144 : 519. 
Graziano J H. Potential usefulness of free-radical scavengers in iron overload. 
In : Birth Defects, Original Article Series (ed. Bergsma D). Liss A R, 
New York 1976; vol. Xn. 
Gupta A and Hasan M. Age-related changes in lipid profiles & lipid peroxidation 
in the CNS following restraint stress. Indian J Med Res 1988; 87 : 624-630. 
Gutteridge J M C, Lamport P and Dormandy T L. Autoxidation as a cause 
of antibacterial activity in unsaturated fatty acids. J Med Microbiology 
1974; 7 : 387-389. 
Gutteridge J M, Richmond R and Halliwell B. Inhibition of the iron-catalysed 
formation of hydroxyl radicals from superoxide and of lipid peroxidation 
by desferrioxamine. Biochem J 1979; 184 : 469-472. 
H 
Habig W H, Pabst M J and Jakoby W B. Glutathione-S-transferases in mercap-
turic acid formation. J Biol Chem 1974; 249 : 7130-7139. 
Haider S S, Hasan M, Hasan S, Khan S A and Ali S F. Regional effects 
of sulfur dioxide exposure on the guinea pig brain lipids, lipid peroxidation 
and lipase activity. Neurotoxicology 1981; 2 : 443-450. 
Haider S S and Hasan M. Neurobiochemical changes by inhalation of environment 
pollutants sulfur dioxide and hydrogen sulfide : Degradation of total lipids, 
elevation of lipid peroxidation and enzyme activity in discrete regions 
of the guinea pig brain and spinal cord. Industrial Health 1984; 22 : 23-31. 
197 
Hakamori S I. Glycosphingolipids in cellular interaction, differentiation and 
oncogenesis. A Rev Biochem 1981; 50 : 733-764. 
Hall Z. Release of neurotransmitters and their interaction with receptors. 
Annu Rev Biochem 1972; 41 : 925-952. 
Hall R J and Kolbe E. Bioconcentration of organophosphorus pesticides to 
hazardous levels by amphibians. J Toxicol Environ Health 1980; 6 : 
833-860. 
Ham J M and Rose R. Platelet adhesiveness and lipoprotein lipase activity 
in controls and in subjects taking oral contraceptives. Am J Obst Gynecol 
1969; 105 : 628-631. 
Hanahan D J and Nelson D R. Phospholipids as dynamic participants in 
biological processes. J Lipid Res 1984; 25 : 1528-1534. 
Hansson H A, Holmgren H and Svennerholm L. Ultrastructural localization 
of cell membrane CM., ganglioside by cholera toxin. Proc Nat Acad 
Sci (USA) 1977; 74 : 378*2-3786. 
Hasan M, Ali S F and Maitra S C. Electron microscopic study of organo-
phosphate DDVP - induced alterations in the rat hypothalamus and hippo-
campus. J Anat Soc India 1979a; 28 : 117-120. 
Hasan M, Maitra S C and Ali S F. Organophosphate pesticide DDVP - induced 
alterations in the rat cerebellum and spinal cord : An electron microscope 
study. Exp Pathol 1979b; 17 : 88-94. 
Hasan M, Ali S F and Maitra S C. Surface Ultrastructural alterations in 
the third ventricular ependyma following organophosphate pesticides di-
chlorvos administration in the rat : Scanning electron microscopy. J 
Anat Sci 1980; 2(1) : 5-8. 
Hasan M and Ali S F. Organophosphate pesticide dichlorvos induced increase 
in the rate of lipid peroxidation in the different regions of the rat brain. 
Neurotoxicology 1981; 2(1) : 43-52. 
Hasan M and Khan N A. Methyl parathion induced dose-related alteration 
in lipid levels and lipid peroxidation in various regions of rat brain and 
spinal cord. Indian J Exp Biol 1985; 23 : 141-144. 
2+ Hasan M and Khan N A. "In vitro" and "in vivo" mitochondrial Mg -dependent 
ATPase activity increases in the brain after the different coricentration 
of methyl parathion neurotoxicity. Paper presented in the VII Annual 
Conference of "Indian Academy of Neurosciences", held at Indian Institute 
of Chemical Biology, Calcutta, March 7-8, 1988. 
Hasan M, Ali S F, Islam F, Tayyaba K, Vadhva P, Khan N A and Naqvi 
S M Z. Neurotoxicity of organophosphate pesticides : Contribution of 
the past decade. Paper presented in the "First Afro-Asia Oceania Congress 
of Anatomists (AAOCA)", held at All India Institute of Medical Sciences 
and Ashoka Hotel, New Delhi, August 29 - September 3, 1988. 
198 
Hasan M, Khan N A, Awasthi P K and Bajpai V K. Electron microscope 
and neurochemical studies on biomembranes : Effects of thallotoxicosis 
and electroconvulsions on the rat brain capillary endothelial membrane; 
"in vitro" and 'Mti vivo" effects of methyl parathion on membrane bound 
mitochondrial enzymes. In : "Biomembranes in Health and Disease", 
Today and Tommorrovv's Printers & Publishers 24-B/5, New Delhi,India 1989. 
Haubrich D R and Chippendale T J. Regulation of acetylcholine synthesis. 
Life Sci 1977; 20 : 1465-1478. 
Hayes W J Jr. . Clinical Handbook on Economic poisons (Public Health Service, 
Publication No. 476), Washington, D C 1963; p. 29-30. 
Hayes W J Jr.. Clinical Handbook on Economic Poisons (Public Health Service 
Publication No. 476), U S Department of Health, Education and Welfare, 
Washington, D C 1967; p. 31. 
Hazleton L W and Holland E G. Archs ind Hyg 1953; 8 : 399. 
Hazzard W R, Spiger M J, Bagdade J D and Bierman E L. Studies on 
the mechanism of increased plasma triglyceride levels induced by oral 
contraceptives. N Engl J Med 1969; 280 : 471-476. 
Heath D F. Organophosphorus poisons - Pergamon Press, Oxford 1961. 
Heilbronn E and Tolagen B. Biochem Pharmac 1965; 14 : 73. 
Hemler M E and Lands W E M. Evidence for a peroxide-initiated free radical 
mechanism of prostaglandin biosynthesis. J Biological Chem 1980; 255 : 
6253-6261. 
Hertz L. The biochemistry of brain tissue. In : The Biological Basis of 
Medicine (eds. Bitter E E and Bitter N). Academic Press, New York 
1969; p. 3. 
Hicks M and Gebicki J M. A quantitative relationship between permeability 
and the degree of peroxidation in ufasome membranes. Biochem Biophys 
Res Commun 1978; 80 : 704-708. 
Hobbiger F and Sadler P W. Brit J Pharmac 1959; 14 : 192. 
Hoelzl J and Frank D R . In : Proc 2" Int Meet Intern Soc Neurochem 
(eds. Paoletti R, Fumagalli R, Galli C and Tamburini G). Mileno 1969; 
p. 219. 
Hokin E L. Phospholipid metabolism and functional activity of nerve cells. 
In : The Structure and Function of Nervous Tissue (ed. Geoffrey H. Bourne). 
Biochemistry and Disease, Academic Press, New York and London 1969; 
ra : 161-185. 
Holmstedt B. Pharmacology of organophosphorus cholinesterase inhibitors. 
Pharmacol Rev 1959; II : 569-688. 
199 
Holter H and Linderstrom-Lang K. Micromethods and their application in 
the study of enzyme distribution in tissues and cells. Physiol Rev 1951; 
31 : 432-448. 
Horrocks L A. Thin-layer chromatography of brain phospholipids. J Amer 
Oil Chem Soc 1963; 40 : 235-236. 
Horrocks L A. Composition of mouse brain myelin during development. J 
Neurochem 1968; 15 : 483-488. 
Horrocks L A, Sun G Y and Robert A D. Changes in brain during aging. 
In : Advances in Behavioural Biology; Neurobiology of Aging : An interdis-
ciplinary life-span approach (eds. Ordy J M and Brizzee K R). Plenum 
Press, New York and London 1975. 
Horrocks L A, Van RoUim M and Yates A J. The molecular basis of neuropa-
thology (eds. Davison A N and Thompson, R H S). Edward Arnold, London 
1981; p. 601-630. 
Hyden H. In : Brain Function (ed. Brazier M A B). University of California 
Press, Berkeley and Los Angeles 1964; 2 : 29-68. 
Hyden H and Lange P W. Protein changes in different brain areas as a function 
of intermittent training. Proc Nat Acad Sci, USA 1972; 69(7) : 1980-
1984. 
I 
Igarashi M and Suzuki K. Solubilization and characterization of the rat 
brain cholesterol ester hydrolase localized in the myelin sheath. J Neurochem 
1977; 28 : 729-738. 
International Technical Information Institute; Toxic and Hazardous Industrial 
Chemicals Safety Mannual 1976; p. 317. 
Irwin L N and Samson F E Jr. Content and turnover of gangliosides in rat 
brain following behavioral stimulation. J Neurochem 1971; 18 :203-211. 
Islam F, Hasan M, Rizvi R and Osman S M. Microanalysis of lipids in discrete 
brain areas of the rabbit following intramuscular administration of steroid 
contraceptive. Contraception 1980; 21 : 433-442. 
Islam F, Tayyaba K and Hasan M. Organophosphate metasystox induced 
increment of lipase activity and lipid peroxidation in cerebral hemisphere 
: Diminution of lipids in discrete areas of rat brain. Acta Pharmacol 
et toxicol 1983; 53 : 121-124. 
J Agric Fd Chem 1969; 17 : 243. 
200 
Jakoby W B. The glutathione-S-transferases. A group of multifunctional 
detoxification protein. Adv Enzymol 1977; 46 : 383-414. 
Jackoby W B and Keen J H. A triple threat in detoxication by the glutatione-
S-transferase. Trends Biochem Sci 1977; 2 : 229-32. 
Jenzik H H and Glees P. Acta Neuropathol 1966; p. 303. 
Jerina D M and Bend J R. Glutathione-S-transferase. In : Biological Reactive 
Intermediates )eds. Jallow D, Kocsis J J, Synder R and Vainio H). Plenum 
Press, New York 1977; p. 207-236. 
Johnson A C, McNabb A R and Rossiter R J. Biochem J 1948 ; 43 : 573. 
Johnson A C. Concentration of lipids in the brain of infants and adults. 
Biochem J 1949; 44 : 494-498. 
Johnson M K. Mechanism of protection against the delayed neurotoxic effects 
of organophosphorus esters. Fed Proc 1976; 35 : 73-74. 
K 
Kar P P and Matin M A. Duration of diazinon induced changes in the brain 
acetylcholine of rats. Pharmacol Res Commun 1971; 3 : 351-354. 
Karpova O D, Obehova E L, Ariova N F and Schrarts E G. Content and 
composition of cerebral gangliosides during Down's syndrome. Vopros 
Med Xhim 1978; 4 : 524-527. 
Kartha V N R and Krishnamurthy S. Factors affecting jn^ vitro lipid peroxidation 
of rat brain homogenate. Int J Physiol Pharmacol 1978; 22 : 44. 
Kaufman B, Basu S and Roseman S. Studies on the biosynthesis of gangliosides. 
In : Inborn Disorders of Sphingolipid Metabolism (eds. Volk B W and Aronson 
S M). Pergamon Press, Oxford 1967; p. 193-213. 
Kessler H and Mracek J F. Non fatal accidental organophosphate pesticide 
intoxication in seven inmates of a correctional institution. J Med Assoc 
Ala 1973; 42 : 775-781. 
Khan A A and Folch-Pi J. Cholesterol turnover in brain subcellular particles. 
J Neurochem 1967; 14 : 1099-1105. 
Khan N A and Hasan M. Methyl parathion - induced ATPase activity "in 
vitro" and "in vivo". Paper presented in the "Fifth Annual Conference 
Indian Academy of Neurosciences", held at J.N. Medical College, Aligarh 
Muslim University, Aligarh, February 21-23, 1986. 
Khan N A, Hasan M and Haider^S S. "In vitro" and "in vivo" methyl parathion-
induced alterations in Mg -dependent ATPase activity in the rat brain 
mitochondria. J Anat Soc India 1987; 36(1) : 68. 
Khan N A and Hasan M. Dose-related neurochemical changes in the levels 
of gangliosides and glycogen in various regions of the rat brain and spinal 
cord following methyl parathion administration. Exp Pathol 1988; 35 : 
61-65. 
Kilian M and Frey H H. Central monoamines and convulsive thresholds in 
mice and rats. Neuropharmacol 1973; 12 : 681-692. 
Kleni< E Hoppe-zeyller Z. Physiol Chem 1942; 273 : 76. 
Koelle G B. Cytological distributions and physiological functions of cholinesteras-
es. In : Handbook der experimentellen Pharmakologie : Cholinesterases 
and Anticholinesterase Agents (ed. Koelle G B). Berlin, Springer - Verlag 
(Suppl) 1963; 15 : 187-298. 
Koening E. Nucleic acid and protein metabolism of the axon. In : Handbook 
of Neurochemistry (ed. Lajtha A). Plenum Press, New York 1969; vol. 2. 
Kohn K and Kessel D. On the mode of cytotoxic action of photoactivated 
porphyrins. Biochem Pharmacol 1979; 28 : 2465-2470, 
Konze J R and Elstner E F. Ethane and ethylene formation by mitochondria 
as an indication of aerobic lipid degradation in response to the wounding 
of plant tissue. Biochim Biophys Acta (Amst) 1978; 528 : 213-221. 
Koremendy Ch G and Bender A D. Chemical interference with aging. Geronto-
logia Basel 1971; 17 : 52. 
Kritchevsky D and Holmes W L. Biochem Biophys Res Commun 1962; 7 
: 128. 
Kritchevsky D et al. Desmosterol in developing rat brain. J Am Oil Chem 
Soc 1965; 42 : 1024-1028. 
Krupka R M and Laider K J. J Am Chem Soc 1961; 83 : 1445. 
Kuhn R, Wiegandt H and Egge H. Angew Chem 1961; 73 : 580. 
Kumari S D R and Nair N B. Toxicity of some insecticides to Lepidocephalus 
thermalis. Proc IndianNat Sci Acad (Part B) 1978; 44 : 122-132. 
Laatsch R H, Kies M W, Gordon S and Alvord E C Jr . The encephalomyeltic 
activity of myelin isolated by ultracentrifugation. J Exp Med 1962; 
115 : 77-88. 
Lajtha A. In : Regional Neurochemistry (eds. Kety S S and Elkes J). Pergamon 
Press, Oxford 1961; p. 25-36. 
Landa C A, Maccioni H J F and Caputto R. The site of synthesis of gangliosides 
in the chick optic system. J Neurochem 1979; 33 : 225-838. 
202 
Lands W E M and Hanel A M. Phenolic anticyclooxygenase agents in anti-
inflammatory and analgesic therapy. Prostaglandins 1982; 24 : 271-276. 
Lauwerys R and Buchet J P. Studies on the mechanism of toxicity of 
the organophosphorus pesticide Triamiphos. European J Pharmacol 1971; 
16 : 361-366. 
LeBaron F N. The synthesis of glycogen by guinea pig cerebral cortex slices. 
J Biochem 1955; 61 : 80-85. 
Ledeen R W, Yu R K and Eng L F. Gangliosides of human myelin : Sialosylgal-
actosylceramide (G_) as a major component. J Neurochem 1973; 21 : 
829-839. 
Ledeen R and Yu R. Structure and enzymatic degradation of sphingolipids. 
In : Lysosomes and Storage Diseases (eds. Hers HG and van Hoof F). 
Academic Press, New York 1973; p. 105-145. 
Ledeen R W, Skriyanek J A, Tirri L J, Margolis P K and Margolis R V. 
Gangliosides function. In : Biochemical and Pharmacological Implications 
(eds. Procellati G, Ceccareti B and Tettamanti G). Adv Exp Med Biol, 
Plenum Press, New York 1976; 71 : 83-103. 
Ledeen R W and Mellanby J. Gangliosides as receptors for bacterial toxins. 
In : Perspectives in Toxicology (ed. Bernheimer A W). Wiley, New York 
1977; p. 15-42. 
Ledeen R W et al. Gangliosides of the C N S myelin membrane. In : Structure 
and Function of Gangliosides (eds. Mandel P and Svennerholm L). Plenum 
Press, New York 1979; p. 167-177. 
Ledeen R W. Gangliosides of the neuron. Trends Neurosci 1985; 8 : 169-
174. 
Lehman A J. Summaries of pesticide toxicity. The association of food 
and drug officials of the United States, Topeka, Kansas 1965. 
Lehninger A L. The biosynthesis of lipids. In : Principle of Biochemistry, 
1^  Indian edn., (ed. Jain S K) 1984; p. 294-678. 
Lobdell B J and Johnston C D. Methyl parathion - Three generation reproduct-
ive study in rat. Herndon, Va; woodard Research Corp 1966; p. 64. 
Lodish H E. Translation control of protein synthesis Annu Rev Biochem 
1976; 45 : 39-72. 
Loh Y P et al. Subcellular fractionation studies related to the processing 
of neurosecretory proteins in Aplysia neurons. J Neurochem 1977; 29 
: 135-139. 
Lovtrup S and Zelander T. Isolation of brain mitochondria. Exp Cell - Res 
1962; 27 : 468-473. 
203 
Lowry O K, Rosenbrough N J, Farr A L and Randall R J. Protein measurement 
with the Folin-phenol reagent. J Biol Chem 1951; 3 : 193-265. 
Lwebuga-Mukasa G, Lappi S and Taylor P. Molecular forms of acetylcholin-
esterase from Torpedo Californica : Their relationship to synaptic membranes. 
Biochemistry 1976; 15 : 1425-1434. 
M 
Mahler H R. Glycoproteins of the synapse. In : Complex Carbohydrates 
of Nervous Tissue (eds. Margolis R V and Margolis R K). Plenum Press, 
New York 1978. 
Majno G and Karnovsky M L. Respiration and lipid biosynthesis by rat nerves 
in vitro, after treatment with cholinesterase inhibitor (Mipafox). Fed 
Proc 1955; 4 : 250. 
Majno G and Karnovsky M L. A biochemical and morphologic study of myelina-
tion and demyelination. III. Effect of an organophosphorus compound 
(Mipafox) on the biosyntheis of lipid by nervous tissue of rats and hens. 
J of Neurochem 1961; 8 : 1-9. 
Malgat M, Maurice A and Baraud J. Sphingomyelin and ceramide-phosphoethanol-
amine synthesis by microsomes and plasma membranes from rat liver 
and brain. J Lipid Res 1986; 27 : 251-260. 
Mangold H K. J Am Oil-Chemists Soc 1961; 38 : 708. 
'?2 March R B, Fukuto T R, Metcalf R L and Moxon M G. Fate of P labelled 
malathion in the laying hen, white mouse and American cockroach. J 
Econ Entomol 1956; 49 : 185-195. 
Margolis R K, Margolis R V, Preti C and Lai D. Distribution and metabolism 
of glycoproteins and glycosaminoglycans in subcellular fractions of brain. 
Biochemistry 1975; 14(22) : 4797-4804. 
Marinetti G V. Chromatographic separation, identification and analysis of 
phosphatides. J Lipid Res 1962; 3 : 1-20. 
Martin A J P and Synge R L M. Biochem J (London) 1941; 35 : 1358. 
Massoulie J, Rieger F and Tsuji S. solubilisation de acetylcholinesterase 
des organes electriques de gymnote. Eur J Biochem 1970; 14 : 430-
439. 
Matin M A. Effect of paraoxon on cholinesterase activity in certain brain 
regions of diabetic rats. Eur J Pharmacol 1974; 29 : 168-170. 
Matin M A and Husain K. Cerebral glucose and glycogen metabolism in diazinon-
treated animals. J Biochem Toxicol 1987a; 2 : 265-270. 
Matin M A and Husain K. Cerebral glycogenolysis and glycolysis in malathion-
treated hyperglycaemic animals. Biochem Pharmac 1987b; 36(11) : 1815-
1817. 
204 
Matin M A and Siddiqui R A. Effect of diacetylmonoxime and atropine 
on malathion - induced changes in blood glycogen level and glycogen 
content of certain brain structures of rats. Biochem Phamac 1982; 31(9) 
: 1801-1803. 
May L and Grenell R G. Nucleic acid content of various areas of the rat 
brain. Proc Soc Exp Biol Med 1959; 102 : 235-239. 
McCord J M and Fridovich. Superoxide dismutase: An enzymic function 
for erythrocuprein (haemocuprein). J Biol Chem 1969; 224 : 6049-6055. 
McEwen B S and Praff D W. Factor influencing sex hormone uptake by 
rat brain regions. I. Effects of neonatal treatment, hypophysectomy 
and competing steroid on estradiol uptake. Brain Res 1970; 21 : 1-16. 
Mcllwain H. Chemical Exploration of the Brain. Elsevier, Amsterdam 1963; 
p. 154. 
McLlwain H and Bachelard H S. Biochemistry and the central nervous system, 
4 edn. Churchill, London 1971. 
McPherson J B and Johnson G A. J Agr Fd Chem 1956; 4 : 42. 
Mello N K. Behavioral toxicity: A developing discipline. Fed Proc Fed 
Am Soc Exp Biol 1975; 34 : 1832. 
Meselsen M and Robinson J P. Chemical warfare and chemical disarmament. 
Sci Am 1980; 242(4) : 34. 
P/Iichell R H. Inositol phospholipids and cell surface receptor function. Biochem 
Biophys Acta 1975; 415 : 81-147. 
Mirsky R, VVendon L M B, Black P, Stolkin C and Bray D. Tetanus toxin 
a cell surface maker for neurons in culture. Brain Res 1978; 148 : 251-
259. 
Montgomery R. Determination of glycogen. Arch Biochem Biophys 1957; 
67 : 378-386. 
Moore B W. A soluble protein characteristic of the nervous system. Biochem 
Biophys Res Commun 1965; 19 : 739-744. 
Morel D W, Hessler J R and Chisholm G M. Low density lipoprotein toxicity 
induced by free radical peroxidation of lipid. J Lipid Res 1983; 24 : 
1070-1076. 
Morgenstern R, Meijer J, Depierre J W and Ernster L. Eur J Biochem 1980; 
104 : 167. 
Moriarty F. Pollutants and animals - A factual perspective. George Allen 
and Unwin Ltd., London 1975. 
205 
Mukhtar H and Bresnick E. Effect of phenobarbital and 3-methylcholanthrene 
administration on glutathione-S-epoxide transferase activity in rat liver. 
Biochem Pharmacol 1976; 25 : 1081-1084. 
Mukhtar H, Zoetmelk C E M Bears A J, Wijnen J. Th, Wijnen L M M B 
and Breimer D D. Glutathione-S-transferase activity in human fetal 
and adult tissues. Pharmacology 1981; 22 : 322-329. 
Murphy S D. Pesticides. In : casarett and Doull's Toxicology - The basic 
science of poisons (eds. Doull J, Klaassen C D and Arndur M O). MacMillan 
Publications, New York 1980; p. 357-408. 
Murthy M R V. Membrane-bound and free ribosomes in the developing rat 
brain. In : Protein Metabolism of the Nervous System (ed. Lajtha A). 
Plenum Press, New York 1970; p. 109-127. 
N 
Nachmansohn D. Chemical <5c molecular basis of nerve activity. Academic 
Press, New York 1959; p. 89. 
Naidoo D and Pratt O E. The effect of magnesium and calcium ions on 
adenosine triphosphatase in the nervous and vascular tissues of the brain. 
Biochem J 1959; 62 : 465-469. 
Naidoo D. Adenosine triphosphatase : A neurohistochemical study. J Histochem 
Cytochem 1962; 10 : 731-740. 
Naqvi S M Z, Hasan M and Haider S S. Neurochemical effects of phosphamidon 
on lipid fractions and lipid peroxidation in the rat central nervous system. 
Indian J Med Res 1988; 88 : 85-90. 
Natarajan G M. Effect of lethal (LCcn at 48 hrs) concentration of metasystox 
on selected oxidative enzymes tissue respiration and histology of gills 
of the freshwater air breathing fish, Channa striatus. Curr sci 1982; 
50(22) : 985-991. 
National Technical Information Service USA No. PB 241-840. 
Neame K D. Transport, metabolism and pharmacology of aminoacids in brain. 
In : Applied Neurochemistry (eds. Davison A N and Dobbing J). Blackwell 
Scientific Publication, Oxford 1968; p. 119-120. 
Nelson W L and Barnum C P. Effect of diisopropyl phosphorofluoride on 
mouse brain phosphorus metabolism. J Neurochem 1960; 6 : 43-50. 
Nicholas H J and Thomas B E. The metabolism of cholesterol and fatty 
acids in the central nervous system. J Neurochem 1959; 4 : 42-49. 
North E A, Pawlyszyn G and Doery H M. The action of phosphatidase A, 
sodium oleate and ganglioside on the exotoxins of CI. Welchil and on 
the neurotoxin of Shigella Shigae. Aust J Exp Biol 1961; 39 : 259-266. 
206 
Norton S. Toxic response of the central nervous system. In : casarett and 
Doull's Toxicology - The basic science of poisons (eds. Doull J, Klaassen 
C D and Amdur M O). MacMillan Publications, New York 1980. 
Norton W J and Poduslo S E. Myelination in rat brain: Changes in myelin 
composition during brain maturation. J Neurochem 1973; 21 : 759-773. 
Novii<off A B and Holtzman E. Cells and Organelles. Holt, Rinehart and 
Winston, New Yori< 1976. 
O 
O'Brien J S. Stability of the myelin membrane. Science 1965; 147 : 1099. 
O'Brien J S. Lipids and myelination. In : Developmental Neurobiology (ed. 
Himwich W A). Springfield, Thomas 1979; HI : 262-286. 
O'Brien P J. Subcellular mechanisms for the decomposition of lipid peroxide. 
Decomposition of a lipid peroxide by metal ions, haem compounds and 
nuclephiles. Canad J Biochem 1969; 47 : 485-492. 
O'Brien R D. Toxic phosphorus esters : Chemistry, metabolism and biological 
effects. Academic Press, Inc., New York 1960. 
O'Brien R D. The role of activating and degrading enzymes in determining 
species specificity of toxicants. Ann N Y, Acad Sci 1965; 123 : 156-
162. 
O'Brien R D. Insecticides, Action and Metabolism. Academic Press, Inc., 
New York 1967. 
Ochs S and Iqbal Z. Calmodulin and calcium activation of tubulin associated 
Ca-ATPase. Soc Neurosci Abstr 1980; 6 : 501. 
Ohnesorge F K and Kreudstein H S V. Arch Tox 1970; 26 : 102. 
Op den Kamp J A F. Lipid asymmetry in membranes. Annu Rev Biochem 
1979; 48 : 47-71. 
Ordy J M and Kaack B. Neurochemical changes in composition, metabolism 
and neurotransmitters in human brain with age. In : Neurobiology of 
Aging (eds. Ordy J M and Brizzee K R). Plenum Press, London and 
New York 1975; p. 264. 
Palo Quarto di F M, Mornbell L E and Gastaldi L. Age changes in phospholipids, 
RNA and DNA contents in tissues of male white rats. Gerontologia 1964; 
10 : 161-166. 
207 
Paoletti E G. Biosynthesis of sterols in developing brain. Adv Exp Med 
Biol 1971; 13 : 41-51. 
Paoletti R, Fumagalli R and Grossi E. Studies in brain sterols in normal 
and pathological conditions. J Am Oil Chem Soc 1965; 42 : 400-404. 
Paolo P and Fini A. Damage by dichlorvos of human lymphocyte DNA. 
Tumori 1980; 66 : 425-430. 
Paton W D M, Vizi E S and Zar M A J. Physiol 1971; 215 : 819. 
Patridge C A, Dao D D, Hong T D, Misra G, Poise D S and Awasthi Y C. 
The effect of t-butylated hydroxytoluene on glutathione linked detoxication 
mechanism in rats. Arch Toxicol 1983; 53 : 427-437. 
Paul B S, Gupta R C and Malik J K. Influence of phenobarbitone and atropine 
on malathion induced toxicity and related biochemical changes in rats. 
Indian J Exp Biol 1979; 17 : 1096-1099. 
Pauls K P and Thomas S E. In vitro stimulation of senescence - related 
membrane damage by ozone - induced lipid peroxidation. Nature (London) 
1980; 28 : 504-506. 
Pelassy C, Aussel C and Fehlmann M. Phospholipid metabolism and T cell 
activation : Receptor triggering is associated with the inhibition of phos-
phatidylserine synthesis. Cellular Signalling. 1989; 1(1) : 99-105. 
Peng S K, Taylor C B, Hill J C and Morin R J. Cholesterol oxidation derivatives 
and arterial endothelial damage. Atherosclerosis 1985; 54 : 121-133. 
Phelps C H. Barbiturate-induced glycogen accumulation in brain, an electron 
microscopic study. Brain Res 1972; 39 : 225-234. 
Pietronigro D D, Jones W B G, Kalty K and Demopoulos H B. Interaction 
of DNA and lisosomes as a model for membrane-mediated DNA damage. 
Nature (London) 1977; 267 : 78-79. 
Pimental D. Ecologic effects of pesticides on non-target species. Report 
to Executive office of the President, Office of Science & Technology, 
US Government Printing Office, Washington 1971; p. 20. 
Pollet S, Ermidou S, LeSaux F, Monge M and Baumann N. Microanalysis 
of brain lipids: multiple two-dimensional thin-layer chromatography. J 
Lipid Res 1978; 19 : 916-921. 
Pope A. Quantitative histochemistry of the cerebral cortex. In : Symposium 
on the histochemistry of the nervous system. J Histochem Cytochem 
1960a; 8 : 425-430. 
Pope A. In : Structure and Function of the Cerebral Cortex (eds. Tower 
D B and Schade J P). Amsterdam 1960b; p. 328. 
208 
Porcellati G and Arienti G. Cytidine triphosphate : Choline phosphate cytidyl-
transferase of normal and degenerating peripheral nerve: a study of its 
activation by phospholipids. Brain Res 1970; 19 : 451-464, 
Porcellati G and Pirotta M G. Phosphorylethanolamine cytidyltransferase 
activity of chici<en brain. Enzymologia 1970; 38 : 351-369. 
Porcellati G, Biasion M G and Arienti G. Incorporation of phosphorylethanolamine 
into the phospholipids of brain microsomes in vitro. Lipids 1970a; 5 
: 725-733. 
Porcellati G, Biasion M G and Pirotta M. Labelling of brain ethanolamine 
phosphoglycerides from cytidine diphosphate ethanolamine in vitro. Lipids 
1970b; 5 : 734-742. 
Porcellati G, Arienti G, Pirotta M and Giorgini D. Base exchange reactions 
for the synthesis of phospholipids in nervous tissue: The incorporation 
of serine and ethanolamine into phospholipids of isolated brain microsomes. 
J Neurochem 1971; 18 : 1395-1417. 
Porcellati G. Lipid metabolism and its regulation in Brain Tissue. In : 
Central nervous system : Studies on metabolic regulation and function 
(eds. Genazzani E and Herken H). Springer Verlag, Berlin Heidelberg, 
New York 1974. 
Porcellati G. Neural membranes (eds. Sun G Y, Bazan N, Porcellati G and 
Sun A Y). Humana Press, Clifton, New Jersey 1983; p. 3-35. 
Possmayer F, Balakrishnan G and Strickland K P. The incorporation of labelled 
glycerophosphoric acid into the lipids of rat brain preparations. Ill -
on the biosynthesis of phosphatidyl glycerol. Biophys Acta 1968; 164 
: 79. 
Prasada Rao K S and Ramana Rao K V. Changes in the tissue lipid profiles 
of fish (Oreochromic mossambicus) during methyl parathion toxicity a 
time course study. Toxicol Letter 1984; 21(2) : 147-153. 
Preti A, Fiorilli A, Lombardo A, Caimi L and Tettamanti G. Occurrance 
of sialyltransferase activity in the synaptosomal membranes prepared 
from calf brain cortex. J Neurochem 1980; 35 : 281-296. 
Proc Soc Exp Bio Med 1968; 129 : 699. 
Prosser C L. Principles and general concepts of adaptation. Environ Res 
1969; 2 : 404-416. 
Pryor W A, Stanley J P and Blair E. Autoxidation of polyunsaturated fatty 
acids II : a suggested mechanism for the formation of TBA-reactive material 
from prostaglandin-like endoperoxides. Lipids 1976; n : 370-379. 
Pryor W A. Formation of free radicals and the consequences of their reactions 
in vivo. Photochem Photobiol 1978; 28 : 787-801. 
209 
Putvinksy A V, Sokolov AI, Roshcupkin D I and Vladimirov Y A. Electric 
breakdown of bilayer phospholipid membranes under ultraviolet - irradiation-
induced lipid peroxidation, FEES Lett 1979; 106 : 53-55. 
Q 
3 Quach T T, Rose C and Schwartz J C. [ H]-glycogen hydrolysis in brain 
slices: Responses to neurotransmitters and modulation of noradrenaline 
receptors. J Neurochem 1978; 30 : 1335-1341. 
R 
Rahmann H and Rosner H. Autoradiographus due untersuchungen Zun Einbauvon 
N-Acetyl-3H-Mannosamin im optischen system. Von Telcosteen Z zell 
torsch 1973; 141 : 93-101. 
Rahmann H. Gangliosides in the senescent rat brain. In : Aging of the 
brain and dementia. Raven Press, New York 1980; 13 : 75-79. 
Rahmann H. Functional implication of gangliosides in synaptic transmission. 
A Critque Neurochem Inter 1983; 5 : 539-547. 
Ramakrishna N and Ramachandran B V. Mode of action of toxogonin in 
the protection of mice against certain organophosphorus insecticides. 
Indian J Biochem Biophys 1978; 15 : 336-337. 
Ramsey R B and Nicholas H J. Brain lipids. Adv Lipid Res 1972; 10 : 143-
232. 
Randall L O. Chemical topography of the brain. J Biol Chem 1938; 124 
: 81-183. 
Ranganatha Koundinya P and Ramamurthi R. Effect of Sumithion (Fenitrothion) 
on some selected enzyme systems in fish Tilapia mossambica (Peters). 
Indian J Exp Biol 1979; 16 : 809. 
Rappoport D A, Fritz R P and Myers J L. Nucleic acid. In : Handbook 
of Neurochemistry (ed. Lajtha A). Plenum, New York 1969; 1 : 101-
119. 
Rath S and Misra B N. Changes in nucleic acids and protein content of Tilapia 
mossambica exposed to Dichlorvos (DDVP). Indian J Fish 1980; 27(i) 
: 76-81. 
Ravi G. Studies on neurochemical and neurophysiological alterations in two 
species of edible fish, Labeo rohita (HAM) and Cyprinus carpio communis 
(LINN) exposed to phosalone, an organophosphate pesticide. Ph.D. Thesis, 
University of Madras 1984. 
Recknagel R O and Glende E A Jr . Lipid peroxidation : a specific form 
of cellular injury. In : Handbook of Physiology-Reactions to Environmental 
Agents (ed. Lee DHD). Bethesda MD, American Physiological Society 
1977; p. 591-601. 
210 
Reiner E. Spontaneous reactivation of phosphorylated and carbamylated cholin-
esterase. Bull WHO 1971; 44 : 109-112. 
Robins E, Eydt K M and Smith D E. Distribution of lipids in the cerebellar 
cortex and its subjacent white matter . J Biol Chem 1956; 220 : 677-
682. 
Robinson N. Composition of deoxyribonucleoprotein in human brain. Clin 
Chim Acta 1966; 14 : 429-434. 
Robertson J D. Unit membranes incellular membranes in development, (ed. 
Locke). Acad Press, New York 1964; p. 1-81. 
Rodriguez de Lores Arnaiz G and De Robertis E. Properties of isolated 
nerve endings. In : Current topics in membrane transport (eds. Bronner 
F and Kleinzeller A). Acad Press, New York 1972; 3 : 237-272. 
Rooney S A, Page - Roberts B A and Motoyama E K. Role of lamellar 
inclusions in surfactant production : Studies on phospholipid composition 
and biosynthesis in rat and rabbit lung subcellular fractions. J Lipid 
Res 1975; 16 : 418. 
Rossiter R J. Chemical pathology of the nervous system, (ed. Folch - Pi 
J). MacMillan (Pergaman), New York 1961; p.207. 
Rossiter R J. Biosynthesis of phospholipids and sphingolipids in the nervous 
system. In : Nerve as a Tissue (eds. Rodahl K and Issekutz B). Harper 
and Row, New York 1966; p. 175-194. 
Rothman J E and Lenard J . Membrane asymmetry. Science 1977; 195 : 
743-753. 
Rouser G, Siakotos A N, and fleischer S. Lipids 1966; 1 : 85. 
Rouser G and Yamamoto A. curvilinear regression course of human brain 
lipid composition changes with age. Lipids 1968; 3 : 284-287. 
Rouser G and Yamamoto A. Lipids. In : Handbook of Neurochemistry (ed. 
Lajtha A). Plenum, New York 1969; 1 : 121-169. 
Sachitanand N N. The growing pesticide hazards. The Hindu (Indian Newspaper) 
1983; June 24. 
Sadler P W. Nature (London) 1958; 182 : 1489. 
Sandhoff K and Christomanoue H, Biochemistry and genetics of gangliosidosis. 
Hum Genet 1979; 50 : 107-143. 
Sasaguri Y, Nakashima T, Marimatsu M and Yagi K. Injury to cultured endothe-
lial cells from human umbilical vein by lineolic acid hydroperoxide. J 
Applied Biochem 1984; 6 : 144-150, 
211 
Sastry K V and Sharma K. The effect of sublethal concentrations (0.4 mg/L 
and 0.2 mg/L) of diazinon on brain enzymes of O^. Punctatus. J Environ 
Res 1981; n : 12-15. 
A. I _ 
Sax N I. Dangerous properties of Industrial P/Iaterials 4 edn., 1975. 
Scharf J H. Die Bezichungen der Lipoide zu de Perizelluren der Ganglienzellen 
bei einigen VVirbellosen im Vergleich Zu wirbeltieren. Z Zellforsch 1953; 
38 : 526-570. 
Schimizu Y. Note on myelin formation around the statoacoustic ganglion 
cells cultivated in vitro. Acta Anat Nippon 1965; 40 : 138-139. 
Schlemmer W. Boll Soc ital biol Sper 1961; 37 : 134. 
Schrader G (Farbenfabriken Bayer A G ) : D B F 814. 152 (1948/1951). 
rd Schrader G. Die Entwicklung neuer insektizide phosphorsaureester, 3 edition. 
Weinheim Verlag Chemie 1963; 18 : 965. 
Schrader G. World Rev Pest Contr 1965; 4 : 140. 
Schrader G. Pflanzenschutz Ber (V^ien) 1967; 36 : 14 (Sonderheft). 
Searchy D G and IVIaclnnis A J. Determination of RNA by Dische-Orcinol 
Techniques. In : Experimentals and techniques in parasitology (eds. Maclnnis 
A J and Voge M). W H Freeman and Co., Sanfrancisco 1970; p. 189-
190. 
Selye H. Arch Environ Health 1970; 21 : 706. 
Shallenberger M K and VVataszeh E J. Pharmacology of the central nervous 
system. Progr Neurol Psychiat 1972; 27 : 67-86. 
Singer S J and Nicolson G L. The fluid mosaic model of the structure of 
cell membranes. Science 1972; 175 : 720-731. 
Singer S J. The molecular organization of membranes. Annu Rev Biochem 
1974; 43 : 805-833. 
Singh M, Sharma P L and Dhaliwal H S. Toxicity of insecticides to honeybee 
workers Apis Cerana indica. Pesticides 1974; 8 : 28-29. 
Sitkiewicz D, Rakowska I, Skoieczna M and Chajdak A. Pest Biochem Physiol 
1977; 7 : 501. 
Skidmore W D and Entenman C. Two-dimensional thin-layer chromatography 
of rat liver phosphatides. J Lipid Res 1962; 3(4) : 471-475. 
Slater E C and Bonner VV D Jr . The effects of fluoride on the succinoxide 
system. J Biochem 1952; 52 : 185-196. 
212 
Smith M E, Fumagalli R and Paoletti R. The occurrence of desmosterol 
in myelin of developing rats . Life Sci 1967; 6 : 1085-1091. 
Smith G J, Ohl V S and Litwack G. Ligandin, the glutathione-S-transferase, 
and chemically induced hepatocarcinogenesis. A review. Cancer Res 
1977; 37 : 8-14. 
Smith E L, Hill R L, Lehman I R, Lefkowitz R J, Handler P and White 
A. The nervous system. In : Principles of Biochemistry; Mammalian 
Biochemistry, Chap 7, 7 edn. McGravv Hill International Book Company, 
Tokyo 1983. 
Sohafer E K. The acute oral toxicity of 369 pesticidal, pharmaceutical and 
other chemicals to wild birds. Toxicol Appl Pharmacol 1972; 21 : 315-
330. 
Soto E F, de Bohner S L and Calvino M del C. Chemical composition of 
myelin and other subcellular fractions isolated from bovine white matter . 
J Neurochem 1966; 13 : 989. 
Spector S. Regulation of norepinephrine synthesis. In : Psychopharmacology, 
A Review of Progress 1957-1967 (ed. Efron D). Public Health Service 
Publication No. 1836, Washington D C 1968. 
Srere P A, Chaikoff 1 L, Treitman S S and Burstein L S. The extrahepatic 
synthesis of cholesterol. J Biol Chem 1950; 181 : 629-634. 
Stahl E. Pharmazie 1956; 11 : 633. 
Stahl E. Z Anal Chem 1961; 181 : 303. 
Stanacev N Z, Issac D C and Brookes K B. The enzymatic synthesis of 
phosphatidyl-glycerol in sheep brain. Biochem Biophysics Acta 1968; 
152 : 806-808. 
Stewart W C. Brit J Pharmacol 1952; 7 : 270. 
Stockstill M E and Dauterman W G. Studies on the induction of glutathione-
S-transferase in liver. Drug and Chem Toxicol 1982; 5 : 427-437. 
Street J C and Sharma R P. Attention of indeed cellular and humoral immune 
responses by insecticides and chemicals of environmental concern : Quantita-
tive studies of immunosuppression by DDT, Aroclor 1254, Carbaryl, Carbo-
furan, and Methyl parathion. Toxicol Appl Pharmacol 1975; 32 : 587-
602. 
Subramonium A, Khanna V K, Mohindra J and Seth P K. Reduced phosphoinosi-
tide levels in endosulfan treated rat brain. Paper presented in the "Interna-
tional Conference on Biomembranes in Health and Disease", held at Industrial 
Toxicology Centre, Lucknow, November 1-4, 1988; p. 198. 
213 
Subramonium A, Mohindra J, Khanna V K and Seth P K. Modulation of 
phosphoinositide signalling system in brain by endosulfan and iron deficiency. 
Paper presented in "Eighth Annual Conference Indian Academy of Neuro-
sciences", held at Postgraduate Institute of Medical Education &: Research 
Chandigarh, March 24-25, 1989. 
Sun G Y and Samorajski T. Age changes in the lipid composition of whole 
homogenate and isolated myelin fractions of mouse brain. J Gerontol 
1972; 27 : 10-17. 
Suzui<i K. The pattern of mammalian brain gangliosides. III. Regional 
and developmental differences. J Neurochem 1 965; 12 : 969-979. 
Suzuki K, Poduslo J F and Poduslo S E. Further evidence for a specific ganglio-
side fraction closely associated with myelin. Biochim Biophys Acta 1968; 
152 : 576-586. 
Suzuki K. Chemistry and metabolism of brain lipids. In : Basic Neurochejnistry 
(eds. Siegal G J, Albers R W, Agranoff B W and Katzman R), 3 edn. 
Little, Brown and Company, Bosten 1981; p. 355-371. 
Svingen B A, Buege J A, O'Neal F 0 and Aust S D. The mechanism of 
NADPH-dependent lipid peroxidation. J Biol Chem 1979; p. 5892-5899. 
Tabor C W, Tabor H and Rosenthal S N. In : Methods in Enzymology (eds. 
Colowick and Kaplan NO). Academic Press, New York 1953; p. 390. 
Takehara K. Immunological study of brain proteins. Ann Report Res Inst 
Environm Med Nagoya Univ 1956/1957; p. 93-101. 
Tanaka^ R ^ and Strickland K P. Role of phospholipid in the activation of 
Na K - activated adenosine triphosphatase of beef brain. Arch Biochem 
1965; m : 583-592. 
Tanford C. The hydrophobic effect and the organization of living membranes. 
Science 1978; 200 : 1012-1018. 
Tanimura T, Katsuya T and Nishimura H. Embryotoxicity of acute exposure 
to methyl parathion in rats and mice. Arch Environ Hlth 1967; 15 : 
609-613. 
Tappel A L. Lipid peroxidation damage to cell components. Fed Proc 1970; 
29 : 239. 
Tappel A L. Lipid peroxidation damage to cell components. Fed Proc 1973; 
32 : 1870-1874. 
Tappel A L and Dillard C J. In vivo lipid peroxidation : measurement via 
exhaled pentane and protection by vitamin E. Fed Proc 1981; 40 : 174. 
214 
Taylor P, Lwekuga-Mukasa J, Lappi S and Berman H A. Structure of acetyl-
cholinesterase : Its relationship to the post-synaptic membrane. Adv 
Behav Biol 1977; 24 : 239-251. 
Tayyaba K and Hasan M. Organophosphate insecticide DDVP-induced increment 
in regional total lipids and cholesterol levels : Diminution of phospholipid 
concentration in different regions of the rat brain. Curr Sci 1980; 49 
: 617-619 
Tayyaba K, Hasan M, Islam F and Khan N H. Organophosphate pesticide 
metasystox-R induced regional alterations in brain nucleic acid metabolism. 
Indian J Exp Biol 1981; 19 : 688-690. 
Tayyaba K and Hasan M. Vitamin E protects against metasystox-induced 
adverse effect on lipid metabolism in the rat brain and spinal cord. 
Acta Pharmacol et toxicol 1985; 57 : 190-196. 
Tettamanti G, Preti A, Cestaro B, Venerando B, Lombardo A, Ghidoni R 
and Sonnino S. Gangliosides, neuraminidase and sialyltransferase at the 
nerve endings. In : Structure & Function of Gangliosides (eds. Svennerholm 
L, Mandel P, Dreyfus H and Urban P F). Adv Exp Med Biol, Plenum 
Press, New York 1980; 125 :263-280. 
Tewari S N and Harplani S P. Detection of organo-phosphorus pesticide 
residues in Autopsy Tissue by thin layer chromatography. Mikrochimica 
Acta (Wien) 1973; p. 321-324. 
Tilcock G P S and Cullis P R. Lipid polymorphism. In : Alcohol and Cell 
(ed. Robin E). The New York Academy of Sciences, New York 1987; 
p. 88-102. 
Tonghner G, Haseelbach V V and Naunyn-Schmidebergs. Arch Exp Path Pharmak 
1968; 260 : 58. 
Tsumuki H, Saito T and Miyata T. Acute and subacute toxicity of organophos-
Phorus insecticides to mammals. In : Biochemical Toxicology of Insecticides 
(eds. O'Brien R D and Yamamoto I). Academic Press, New York 1970; 
p. 65-73. 
Tswell M. Ber deut botan Ges 1906; 24 : 316-384. 
U 
Ueno K, Ando S and Yu R K. Gangliosides of human, cat , and rabbit spinal 
cords and cord myelin. J Lipid Res 1978; 19 : 863-871. 
Ulus I H et al. Effect of choline on cholinergic function. In : Cholinergic 
Mechanisms and Psychopharmacology (ed. Jenden D J). Plenum Press, 
New York 1978; p. 525-538. 
Usdin E, Kopin I J and Barchas J. In : Catecholamines : Basic and Clinical 
Frontiers (eds. Usdin E, Kopin I J and Barchas J). Pergamon, New York 
1979; vol. 2. 
215 
Utely H C, Bernheim F and Hochstein P. Effect of sulfahydryl reagents 
on peroxidation in microsome. Arch Biochem Biophys 1967; 118 : 29-
32. 
Uyemura K, Jardy J, Vincendon G, Mandel P and Gombos G. Mise en evidence 
de proteins specifiques du cerveau ciiez les mammifers, Computes Rend 
See Soc Biol 1967; 161 : 1396-1399. 
Vadhva P and Hasan M. Organophosphate dichlorvos induced dose-related 
differential alterations in lipid levels and lipid peroxidation in various 
regions of the fish brain and spinal cord. J Environ Sci Health 1986; 
B21(5) : 413-424. 
Van Bruggen J T, Butchens T T, Claycomb C K and West E S. Time course 
of lipid labelling in the intact mouse and rat. J Biol Chem 1953; 200 
: 31-37. 
Van Heyningen W F. Tentative identification of the tetanous toxin receptor 
in nervous tissue. J Gen Microbiol 1959; 20 : 310-320. 
Veloso D et al. The concentrations of fro^^ and bound magnesium in rat 
tissues : Relative constancy of free Mg concentrations. J Biol Chem 
1973; 248 : 4811-4819. 
Vettorazzi G. Carbamate and organophosphorus pesticides used in agriculture 
and public health. Residue Rev. 1976; 63 : 1-44. 
Vijayalakshmi S. Jn vivo effects of sumithion on tissue respiration and enzyme 
activity in fish, Etroplus maculatus. Experientia 1980; 36 : 1280-1281. 
Von Brucke F T and Hornykiewicz O. The pharmacology of psychotherapeutic 
drugs. Springer-Verlag, New York 1969. 
W 
Waelsch H, Sperry W M and Stayanoff V A. A study of the synthesis and 
deposition of lipids in brain and other tissues with deuterium as an indicator. 
J Biol Chem 1940; 135 : 291-296. 
Waelsch H, Sperry W M and Stayanoff V A. The influence of growth and 
myelination on the deposition and metabolism of lipids in the brain. J 
Biol Chem 1941; 140 : 885. 
Wagner H. Fette, Seifen, Anstrich-mittel 1960; 62 : 1115. 
Walsch R. Towards an ecology of brain. M T P Press Limited, England 
1981. 
216 
Walton J. Cerebral metabolism and its disorders. In : Introduction to Clinical 
Neuroscience. Bailiere Tindall, London 1983. 
Watanabe H and Passonneau J V. Factors affecting turnover of cerebral 
glycogen and limit dextrin in vivo. J Neurochem 1973; 20 : 1543-1554. 
Weiss L R, Bryant J and Pitzhugh C G. Blood sugar levels following acute 
poisoning with parathion and 1-Naphthyl-N-methyl-carbamate (sevin) in 
three species. Toxicol Appl Pharmacol 1964; 6 : 363-364. 
Wells M A and Dittmer J C. A preparative method for the isolation of 
brain cerebroside, sulfatide and sphingomyelin. J Chromatography 1965; 
18 : 503-511. 
Wells M A and Dittmer J C. The identification of glycerophosphorylglycerol 
phosphate as the deacylation product of a new brain lipid. J Biol Chem 
1966; 241(9) : 2103-2105. 
Wells M A and Dittmer J C. A comprehensive study of the postnatal changes 
in the concentration of the lipids of developing rat brain. Biochemistry 
1967; 6 : 3169-3175. 
Wills E D. Lipid peroxide formation of microsomes. The role of non-haem 
iron. Biochem J 1969; 113 : 325-332. 
Wilson I B and Ginsburg S. Biochem Biophys Acta 1955; 18 : 168. 
White A, Handler P, Smith E L and Stellen D W Jr. In : Principles of Bio-
chemistry 2 ed. McGraw-Hill Inc., New York 1959; p. 458. 
White A, Handler P, Smith E L, Hill R L and Lehman I R. The lipid meta-
bolism. In : Principles of Biochemistry, 6 ed. McGraw-Hill and Kogakusha 
Ltd., New York and Tokyo 1978; p. 38-1133. 
Wolfe S L. Methods for separation and determination of gangliosides. In 
: Research Methods in Neurochemistry (eds. Marks N and Rodnight R). 
I, Plenum Press, New York and London 1972. 
Woodman D D and Price C P. Estimation of serum total lipid. Clin Chim 
Acta 1972; 38 : 39-43. 
World Health Organization. Environmental Health Criteria 60, WHO Geneva 
1986; p. 110. 
Worthington C R. C. Low-angle X-ray diffraction of Biological membranes. 
Johnson Foundation Conference, April 1969. 
Yamakava T and Nagai Y. Glycolipids at the cell surface and their biological 
functions trends. Biochem Science 1978; 3 : 128-131. 
Yasuda M. Lipids analysis of the human brain. J Biochem 1937; 26 : 203-210. 
Yu R K and Iqbal K. Sialosylgalactosyl ceramiole as a specific marker for human 
myelin and oligodendroglia and neurons. J Neurochem 1979; 32 : 293-300. 
PUBLICATIONS 
AND 
PRESENTATIONS 
217 
6.0 LIST OF PUBLICATIONS AND PRESENTATIONS 
Publications Khan N A 
1. Hasan M and Khan N A. Methyl parathion induced dose-related 
alteration in lipid levels and lipid peroxidation in various regions 
of rat brain and spinal cord. Indian J Exp Biol 1985; 23 : 141-
144. 
2. Khan N A, Hasan M and Haider S S«^ "In vitro" and "in vivo" methyl 
parathion-induced alterations in Mg -dependent ATPase activity in 
the rat brain mitochondria. J Anat Soc of India 1987; 36(1) : 68. 
3. Khan N A and Hasan M. Dose-related neurochemical changes in 
the levels of gangliosides and glycogen in various regions of the 
rat brain and spinal cord following methyl parathion administration. 
Exp Pathol 1988; 35(1) : 61-65. 
4. Hasan M, Khan N A, Avasthi P K and Bajpai V K. Electron microscopic 
and neurochemical studies on biomembranes: Effects of thallotoxicosis 
and electro-convulsions on the rat brain capillary endothelial membrane; 
"in vitro" and "in vivo" effects of methyl parathion on membrane 
bound mitochondrial enzymes. In: "Biomembranes in Health and 
Disease"; Today and Tommorrow's Printers <5c Publishers 24-B/5, New 
Delhi, India 1989. 
5. Faruqi N A and Khan N A. Lipid changes in central auditory pathway 
following streptomycin intoxication in rat. Ind J Med Res 1986; 
83 : 318-321. 
6. Faruqi N A, Khan N A and Naim M. Gangliosides content in the 
central nervous system after streptomycin and kanamycin intoxication 
in rat. Ind J Med Res 1986; 83 : 629-632. 
7. Aslam M, Hasan M, Khan N A, Faruqi N A and Hasan S A. Biochemical 
and histochemical studies on the effects of gentamicin on the central 
auditory pathway. J Anat Sci 1987; 9 : 21-24. 
8. Aslam M, Hasan M, Khan N A, Hasan S A and Faruqi N A. Gentamicin 
induced alteration in ganglioside levels in various regions of central 
auditory pathway. Indian J Exp Biol 1988; 26(1) : 58-59. 
9. Aslam M, Khan N A, Hasan M and Hasan S A. Gentamicin induced 
dose-related alteration in lipid profile and lipid peroxidation in rat 
central auditory pathway. Exp Pathol 1989 (In press). 
218 
Presentations 
1. Khan N A, Hasan M and Islam F. Effect of methyl parathion organo-
phosphate on lipid peroxidation in various regions of rat brain and 
spinal cord. Presented in the "International Brain Research Organisation 
Symposium/Paper on Neurotoxic Substances and their Impact on Human 
Health", held at ITRC, Lucknow, February 4-6, 1984. 
2. Khan N A and Hasan M. Three different doses of organophosphate 
pesticide induced alteration in total lipids, phospholipids, cholesterol 
and lipid peroxidation in various regions of rat brain and spinal cord. 
Presented in the "Annual Conference of the Association of Physiologists 
and Pharmacologists, India", held at Goa Medical College, Bambolim 
Goa, November 23-25, 1984. 
3. Hasan M, Tayyaba K, Khan N A and Vadhva P. Organophosphate 
pesticides induced perturbation of lipid metabolism, nucleic acids 
and biogenic amines: Vitamin E protects against adverse affects. 
Presented in the "International Conference on Pesticides Toxicity, 
Safety and Risk Assessment", held at ITRC, Lucknow, October 27-31, 
1985. 
4. Khan N A and Hasan M. ^^Methyl parathion-induced dose-related 
increment of mitochondrial Mg -dependent ATPase activity "in vitro" 
and "in vivo". Presented in the "V Annual Cbnference of Indian Academy 
of Neuroscience", held at J.N. Medical College, Aligarh Muslim Univer-
sity, Aligarh, February 21-23, 1986. 
5. Khan S A, Rabbani M U and Khan N A. Myocardial changes after 
aluminium phosphide intoxication in albino rats. Presented in the 
"International Symposium on Metabolish of Minerals and Trace Elements 
in Human Diseases", held at Aligarh/New Delhi/Srinagar (Kashmir), 
September 18-27, 1987. 
6. Ha§Q^ n M and Khan N A : "In vitro" and "in vivo" mitochondrial 
Mg -dependent ATPase activity increases in the brain after the different 
concentrations of methyl parathion neurotoxicity. Presented in the 
"VII Annual Conference of Indian Academy of Neurosciences", held 
at Indian Institute of Chemical Biology, Calcutta, March 7-8, 1988. 
7. Hasan M and Khan N A. Dose-related neurochemical alterations 
in the contents of gangliosides and glycogen in different regions 
of the rat brain and spinal cord following methyl parathion toxi-
cosis. Presented in the "National Academy of Medical Sciences (NAMS) 
of India", held at All India Institute of Medical Sciences (AIIMS), 
New Delhi, March 12-13, 1988. 
219 
Hasan M, Ali S F, Islam F, Tayyaba K, Vadhva P, Khan N A and 
Naqvi S M Z, Neurotoxicity of organophosphate pesticides : Contribution 
of the past decade. Presented in the "First Afro-Asia Oceanic Congress 
of Anatomists (AAOCA)", held at All India Institute of Medical Sciences 
and Ashoka Hostel, New Delhi, August 29 - September 3, 1988. 
Communicated for publication 
1. Khan N A and Hasan M. Dose-related neurobiochemical changes 
of methyl parathion : Elevation of phosphatidyl ethanolamine, degradation 
of phosphatidyl serine, phosphatidyl inositol and phsophatidyl choline 
of the rat brain, separated by two-dimensional thin-layer chromatography. 
J Chromatogr 1989. 
2. Khan N A and Hasan M. Organophosphate methyl parathion-induced 
dose-related increment of dry weight of the total lipids content 
extracted from the rat brain. J Lipid Res 1989. 
3. Khan N A and Hasan M. Diacetylmonoxime protects against methyl 
parathion-induced adverse effect on acetylcholinesterase activity 
in the rat brain and spinal cord. Neurotoxicology 1989. 
4. Khan N A and Hasan M. Organophosphate pesticide methyl parathion 
induced dose-dependent differential alterations in nucleic acid metabolism 
in various regions of rat brain and spinal cord. Pharmacol and Toxicol 
1989. 
**4:«*««>|c4c 
